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m pJ•z; Sodium Perehlorate, Methods of Prodncing Without the Use of Platiaum,

Office of Naval Research ProJect NE 352-263/2-19-51: Contract Number
NON! 372(00).

0,B gi : An investigation in respieet to the determination of a: method for
prodoming sodium perehiorate without the use of platinUm, to Ilde,
but not necessarily to be limited to, the following:

(ý1) Literature and patent review, both doUestie and. foreign, on
possible substitutes for platinum as anode materials in the
produetion of sodium perehiorato;

(2) Preliminary laboratory experimeits with the more promlsing
a-noe materials:

(3) Literature and patent review, both domestic and. foreign, on
the thermal -decomposition of sodium ehlorate for the pro-
duetion of sodium perchiorate; an&

(4) Preliminary lakoratory experiments to indicate tho feasibility
of a thermal decomposition method.

SCOM The rapi. expansion of the produetioa of parchlorates turlag the
last few years and contemplated inereases in the demand for per-
ehlorates, together with the deereasing reserves of platinum, the
metal now used in the produetion of sodium perehlorate (the
starting material for potassium and ammonium perohlorate), make
it desirable at this time to search for rethods to produce per-
mhlorates that will require less platinum. Part I of this report
bound in this cover, comprises a review of the technical literature,
Including patents, of all methods reported for the production of
perchlorates, ant of all apparatus and techniques that might be
adapted to suech production. Part I1 of this report, to be bound
separately, is a short but critical laboratory study of the methols
described in the literature, and of other wethots that were suggested
t:uring the course of the work. Ir

Every effort was made to make the literature review momplete to
the end of 1950. The 1951 literature was sovered as eompletely as
poraible by eheckltng chemical abstracts to date; however, many 1951
foreign references may have been missed.

SUMARY:
I1. The physical, chemical and thermodynamic properties of the

Com•,on chlorates and perehlaorate are reviewed, "

2. The historical development of electrolytic perohlorate manu-
reaturs is outlined with special reference to t= effeez o1
eush operating variables ae electrolyte concentration,
temperature, current 4ensity. aneý p.



ILI

3. The operation of three modern perchlorate plants ie dsficribed
in. some detail. Ufider thec conditions employed in modem per-

P chlorate cell, platinum appears to bo the~ only practicable

anode material thus far proposee, mlthough extensive wo~rk has
heenl done on thle d-eVA.opmenT of M ~btkAH.itUt.1

4. Among the piatinuw,-aubstitute anode materials which have.
re-epurt_,ly been uzad sucecs:iuJllr in emnll scale perehlornteC

10; production are magnetite, lead dioxide, silicon, $ilicon
carbide, and graphite (in a diaphrag~m cell). Various methods
of fabricating magnetite iind lead peroxide anodas to improve
their mechanical strength, electrical properties, etc., are
reviewed. 1

5, Other "Insolubl.e anode materials, which have not been tested

* In perehiorate -formation but which have been proposed. f or use
under severe conditions, Include lead-antimony-~silver Ealloys,
].ead-thallium-tin alloys, copper-silicon-iron alloys, A ,
ferrosollicon ancL other-cilicides, ilmenite, Amd inamanavvs
dioxide.

Detaled work on the' thermal conversion of chlorate to perchlor-
&t6 bas been limited almost Ontirely to eftolI-scale studies on-
potassium ohlorate, With th. sal~t, the theorotical maximum
yield of about 85 g. 10104 per 100 1110 U~O a not been realized

beaue fthe- cownurent- thermaL2 decomposi'tion of F.103 ard
10104 -tQ 101 anti 02.' Sodium chlorate appears to- give- lower.,4
yields tha-n the potassium sait' and th'i alkaline earth aa4 -hf~ry
metal perchloistia appear to be- entirel .-unsuit-0ble.7

* ag a4~ scarl studies- of the thnerm!~ method are laackirin R4,neo. .
t-he time-tumeatr-1ie r~~asip IMF profoundljy infiheno,Ai4

by the ammunt of material involved, At is not :poigsible toj
- ealuate 'this method as a tocitible aommeralal method. on the- jj

bas-oisk ~hof existin e1enowledge "ble
iatio I n *h rosle ezoiptions to this enrl

4 k 11 ~the ii i

strong mineral acid, sueh as sulfuric bydgve

yield of 57,± g.4 e 190104 per 100 g,, ho~lO, if the cr~iorite . y-
Product if% not worked up. Actual ,yields may be c~neiderably
lower Lt th r a,.a1

E10. The electrolytic prod-uction of perahlux1%. W A I os

pla-inu asnodes. There i15 Ito I utci n u~bistitU' &
materials could be lickd n n A" or * tho 6rA nnF1 of this electrolysis.

11. The electrolytic oxidation of lithium chloride and alkaline

earth chlorides to the correspondin" perchlorates hat been
studied with platinum anodes. kirsin there is no suggestion
an to the possible effectiveness of substitute anode mataerials.

-2-



LITRIRATUANREVT{lIEW

P9RCI-CIATY4S-PflOPERT IES AND METHlODS OF PRXPLRATION

A.Intr !duýcjRio

Percblorateno And methods9 for their prepAxation had been known %nd
studied for more thani 75 years before 0. Ca~rlson, in 1895, first. began
to ma1ke these compounds on an Industrial scale (140). The commerciali-
sation of perchiorates wad almost certainly instigated by the discovery

*of the perahiorate explosives (a~g. "cAr~lsiorAte"), an' Swedish pirudueiUon-
£was goon augmented by plants in ;-rance and Germany. Thereafter-., world

production .rose -to about .200 -0 tons per yea r in 1940.

Prior to Iforld War 11, the United States imported a large part of
i's perchlprat d requirements. Only one domestic manufarturer was making
parchlA~ratA* ini 1919 (115), and U.S. production ott thM+ t~me has been
estimated at 1000 tons/year,(.116). The loss--of ha~ropean sources was
respoipuible f~or the initial..expansion of the perohiorate industry In the
U:SSO iod as &-result -of new.: milltary-developments-, such asroket' 6p slionj

pradneti!%n -rspVjy, Moluinteid to &bout 20,000 -tons per y'ear- (11) - This
Increased pr~oduction was mails pasesible- by the erection of'- A ie!w pleats

Unew manufactu~rere)- during the-early 19L401s. -U.S. producers (86) of
potaisi~um perchiorate are reported to incluidet

ic Ge Prrderiek Smith Chemical Co.s, Columbuse, Ohio --

*C~axdox Corporation,*Olaremore,. Ikla.
-Western.Zlvatro~homical Co., Los Mnkel00s, Cal,-

and Henderson, Wev4
01TiwrM.oitrachoi.caJ.C e, 4jji~araiij IS y N6T

_J. T. Baker dhexieial _0o. Fhillipaburg, N. J.--
A~aenl' peo rates mv. mnade industrially exekeiyel by -the

*oleeroobiemica, -method, . Ixi this operation. -sodim-.psrohl~orate- in forx'&
bby the -anodic. oxida-tfon -of --odium, ohorati.- - -The- eondidoris-of ta -e..-

trolysis are suc 0ha pltnm ss Ar been found. to- bea the most -*--->Iao~a]. _~raisaJ operations descrilbed- -n the. 144ratr R-o- os

Lin ýQje development of m~eaetite anodes. and the fthpnrmee 1~ ld peoId
anodef an a. mbrtitutwe for platirum, ~At the end of the uzr, however, tlý

Otnn wj ttll-11 u-.Inr n1atiiv.tm A7id~iI 'ifle onl ~per; ch ora'Ve p.LMMXZ
(1. G. lrarbenindustrie A.Go. at Bitterfeld), .a~thougIa imagnetite anodes vsef

useoA in thtir eror1ta k bL, 139). The state of the art hI Tapan

* ~t isedb7 ref. (86). but is given by OIL, Paint & Drr Repor'ter
-E~ ~~renok -- --- --- -- - -- - --- ee e ee e

IreboL (A 0-19A

- - -- - - - - - - - -- - - - - - - - - - - - - - - - - - - - -



Th4 therm~l production of porchlorn-tes fromi chlorates Rppeare never
to ht'.vei ýeeyn developmd com, ercially, P s Uinby f or ec nonic aaon

iil t~A~ Caroat Lelc t"yn~~.' ~iI the reF~ticrin. iJrvolvcd.

Other mnethods of convartirýý chioratea to perchloreten hav-e 1beenr i-
vectigrited, bnt in consaiera~bly less dotal!.

Sodiumw perchiorate, the prima~ry electrochemical product. is usually
not marketed because its molkohydrate, the form in which this compouncl
crystallizes fror*, solution 1e1o4 '6hdut 530., -is hygroocopic and trouble-
some to'handlae, The sodium salt it more complonly converted directly into

of explosive, detonating-,. flare-@ imachhead, primrerl pyrote chnie,. and
smoke-producing~ compositions, as well as In bra2ing and welding fluxes,
eLemical heating compouitionR, 'n binders for briquetted coal , coke, etc.

Miscel~laneous. analytical, photographic, and pharmaceuttical uses aloo exist.

Specifications for maximum allowable impurities in commercial per-
chloratos (117) are as follows:

I Cd 2 en MCI 0.20% V8,0103" 0.10%
X0 0425 NUM) 0.20

nrO3 0,04 -0.0i
M~1i~~ons 0.0126 ~ ~ 1m M 0.20

- 1npolublen '0.10 In~olu.bles 0.10

ITheý potagiuom salt toe quote&d at present at 114/me. (oarloeA Tots, A
-Worki)cY -an'd -the am6~m gosjMjalt At 50j~3'. -kewrs.(1,paint aXrid.

I----Drug,- ]Up*rter-, July .3, 5)

ftgejtP.n of So diUM - 0-j~rada

Y'or reacdy r@(*?Oflo@ the properties of iodii= and. potassium perchl~or-
sts d~oo~rlts omom a re. reviewed at' th It poi nt tPecause"Of

their eangon the various processes and operations to be discussea In
Flater nections of thie report, &nd. !klo to provide a basis for th6'experi-r t ment;l which forn. another part of this~project..

~~~~~ rae!~o reve'n-i eA ' of the- phYsil'l ~rpr~s(50.
74,75.109,11?) of sodiumD percbtiorate, together with those of sodium chior-.
itte from whie), the former is derived, of potassium chlorate, and of potas-.
qt PmAPrnonlt parchiorates, into which the sodium salt is gonerally
converted.



TjA-QL I-

- PROPESIRCAL O S

> Kc1o3 &C 1 agioU KC104

Formula weight .122.55 106.45 122.45 138.55 17.50

Color white white/ whiter white white

crystalline form,
low temp. oolcu c hm omi rmbc

•h-•gh temp0  _ cubic cubic cubic

transition temp. , 1OC. 308O 299-300, 240,
Spefic gravityT 2.32 2 490 2.499 (48) 2.520 1.95

" ~20

Refractive index, n 1.4140 1.515 1.4617 1.474 1.482
• ~D•

368248 (109) 474 (7)Melingpoit, C. 82 2-1 decomp.
Ctote. 356 (101a) 255 (741) 5 382 (21) 6 -0/^ Y; .

248-265(8,,)

SolubI!iy in water ...... see Table i1 and Figure i (pp. 6 , 7)

Solubility in other solvents - see Table III and Figure II (pp. 8 9 )

al Anhbydrous salt and monohydrate are bothlygroscopic.
b/ I j monohydr-ate, which crystallizes from solution below 52.75*C., is hygroscopic;

it can be completely dehydrated at 130 0 C. (30).

c/ Crystals are optically active. An unstable trigonal form is produced when crystal-

lized from a R-operatrwated solution of the cubic salt or from solution in t-^
presence of NaC104 or Na 2 S04.

This dimorphism is exh.bited by perchlorates of alkali metals except Li, also by
the perchlorates of ammonuium, barium, silver, and thallium (142).

e Coimplete decomposition occurr at 460-54'0 C. in300 min. (57). Elsewhere it is

ntrte? that NaClO'.0 is stAob0e -p to 47!o. (30)-

Comýmlete lcr,1og:i'ion occurs at 550-580*C. (57): 25; decomposed in 65 min. at
52C: ~an 2.3% in 63 ýnin. at 444145 0C. (138).

1 '-1 1Tes: bogins to decompose in vacuo at 150 0C.; deflagrates at 4000 C. (117).

REPRODUCED FROM
BEST AVAILABLE COPY
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TABU~ 9F W

SOLUBILITY IN NON-AQUZOUS SOLVENTS AT 25C. -

3 aC1OaC1.O4 ~ XC104  hjliz

Solubility in grams /100 graMe of .0oivent,(55)

:Ammonia (120)-- - ~13793

Ethylenediamine •52.8 30.1 2.81 7 -

Morn. :t hanel . ine 19.7 90.8 3-- 6 -

thye-neglycol -166.0 75.5 10
Water 0,0. 209.6 2.0?- - ,,

Sulfur dioxide (I126) - 40 ... 5 (ooc0X

Solubility in £Cams/O100 grams saturated solution (3.45).
(Solution density in parentheses)

Water 67.70 (1.682i 2.02 (1.0096) 19.95 1•'o-•8)
Methyl alcohol 393 (1.056i) 0.105 (0.7878) 6.4 (0.8218)

Ethyl alcohol 12.82 (0.8685) 0.012 (0.7852) 1.872 (0.4951)

n-Propyl alcohol . (0.8308) 0.010 (0.8011) 0,38• (o0.80o6)

n-Butyl alcohol. 1.83 (0.8167) 0.0045 (0.8060) 0.017.(P.80690.,

iso--' tyl alcohol 0.78 (0.8031) 0..005 (,.7981) 0.127 (0.7988)

* ~ ~ ~8.80 (0-05-74. 0.0015 "." 1 "1 ' " (0.94

Acetone 34.10 (1,0732) 0.155 (0.7868) 2.21 (0.7997)

-F (42) 9.6±2 -
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In addition to the solubility data given, Corne and Dickely (27)
) reported some results on equilibrium in the system iN.au-NPaCl1-H 2 0 at 06

to lO00.8,', and 7reeth (141).3)published results ~on equilibr iu n the sys tem
NalV~2~:,H0at 356nd 600C. 3ozorthi (1.5) ireported. the sooliabili ty

of X1010. n aqueous solutions of a number of salts; the e valuesaeplt
ted in 71gure 3(.2) Prvously,Vi Noyes et a2. (9La.)-had, determinedlvbhe
so'IA'ility of KCIO4 in qU8veu, KC01 :and X258_01solutions. Benrath snd'eo-ý.-
workers (10) studied the system 1C•I1z9 Cl-H2 0, inluding measurements at
elevated .temperatures- (1500-2500C.). - Chang and Hsieh (23) found the so1.A'
nbility of 1CIO - M KCIO4 in heavy water to be 0,935 and 0.947, mole, rei,.

peciey, pe j55ljmole2 .ofD20. Cals1olari (20) determined. th sol-'
bilitles of potassium, rubidium, and cassium chlorates and perchiorates " -
in the range 0-990C. Van Vallenberg and Mcfanisls (141) eared the

solubility of sodiwm and potassium perch1orates in 95 to 99.8%, ethyl al, '
coiol at 200C.; and Siwird and Schiimb ' (122)" determined- the solubility of
potassiumperchiorate' in ethyl alcohol in +.he presence of other salts.

Kay"s <(69) studied the separationo Sl1.ad ~~ 4  using, 1sml.

amounts of 'radioactive sod~iwn salt. _orrcrystallizations from a~
reduced the amount of sodium to a very ow vaius; ten extraction$ of th&
evaorated salt with alcohol was less muccessful in removing the sidium
salt.

Mazucehelli and:Pro (84) measured the densities of aqueous solutions
of certain perchlorates and showed that for sodium perchiorate, the apparent
volume of the salt in•eroases with increasing concentration and with inc3eeas-
ig temperature, in accord wth the general rule. In the low concentration
range (up to 0.1 molar), Jones (63) found that the densities of aqueous
solutions at 250C. could be expreased by the equations:

NSaCl04: d= 0.9971 + 0.0768 mF

KC104 : d= 0,9971 + 0,0863 m

Jones (63) also measured the equivalent conductances of sodium 80d-
potassii. perchlorate in water at 25*C. over the same concentration razWe.-

10aClO 4 : 117-48.l. - 87.22-Vc 4- 92.6 c(!-0.2294yi,)

KC104 : A = 1W.04- - 92.57c +-. 49.0 c(l-0.229Ife. )

The limiting corductance of the perchlorate ion, later confirmed by
Mon1k (92), -was found to 'ie 67,32. In ethyl alcohol solution, Copley et
a.. (25) 0found thiat the c inductance of sodium per;-1aorate conld calcu-
iThte, f£ : •.e etpres5ion:
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,aider and UlM (i4YMa6e _donic1ivi~ty m suz'emeiits~ oný3dillte' aoue-ousia
~pr bOd gte'sojlutionw t0i an&J1Ojoc. wl
•!• meas edthe: con~uttivit4-of so di u.perchIorate' in enhyd.roes hndraezine,

Amo ng the ýmisceillan out ,physical propertien~ Are to be found- papers
on the- structure of the erchlorate 6n (16,36,51,118); the freezin•
poi.ts of aqueous -solutions of sodium. and potassium .chlorates and per-
._dhiorate's ttp_ý t.o:1.1 moIal (112);,~the magnietic. wusceptibilitis 0of a number
6f Ptai:ehtbrates o ( o); the dielectric a on• t ,nts of potassium and. ammoneim

•erchlorates- (79)the • coefficients of expansion and densities of potassium

f h 1~te0 n & p erlor teS-s , at r5, -n W. e1 0i5 ) andh the co m p re ssione
.0o 265,000 K6/Cin -6f a. hb;n'berI of perchlorates ~(17).

t Pheico lstropearties n

:~D 'o usico to0

SThe-mai_ - - )zo.a o) _

The0thioermal dtic tepe6sitron of almpali metal perhin orates ayeit • ot0gen.
enrnel'ly 0et~a3. (21)gavor e Ade`Cor athe aee more stabl tofan the wcor-
reup ondiing chlioratesi however, &and'reqkuirosh4gher temperatures-to effect

st-ting if any decomposition occurs; Mellr (87) indicates some decompo-
sition at this tes:perature. Ishikawa and Iagisawa (57) give 4.74.0. as
the •Ulting point of 99.82% pure KaCI0b and say that decomposition begins
at about a60oC., with complete decomposition in 300 minutes at -A46560M0.
Agreement is thus unsatisfactory and the most that can be taken from the

lit•ature is th•,.t NaCI04 probably melts somewhere in the range 47•-482eC.snd that decomposition begins at or slightly below the melting point. The
decompouit ion temperature of !TaClws, however, is apparently ell above the
melting point of 9laCl03 , which falls in the range 2d mt-265ob.

Published results on the decomposition tei3per mture of aCO0 4 show a
Aigilor lack of aeeeeent, butt it is reasonably certain ttmt this Bait
does begin to decompose below the reported melting points. .cI~od (85)
found no evidence r f decosposithon at 357dp. (boiling mercury). 0any

reference tets say that KClO4 begins to decompose at 4000 C. On the other
harA, Scobai ,II ) r ~%portId no detectable decormposition at 41lbC., and
Fr',nkln oad Dirqgw4jl (41) fotund that only 0.3% of the KCI04 was decom-
poleci In 56 hor at 4"•.6 0 C. (boiling sulfur). At the same temperature.
Tian Ia'IC Svjlovich (Ub,) found 2.31Z decompooition li 65 ........



z4%~acompoitto-in,, 65~ Imimtee at 5200C. Ihls n aiaa(7
git ~O-5W;C as the ramge in which complete decom~po sit ion-occurs.

31_ý& 96Ceiigihd. (lLI)..,obtained their best- yields ~of XClOI5.by hieating
K13 ,hou~r a(in~1arK at40.; hnhe rate of
ieipuitiofli of x i in.,he rae 400-48000. is not hivh.

0 KC- 4 , az

Yry~ _ 97shwdtathe' decomposition of alkalimea

4p ~'-1Ioates 1 inmimolecular:-

-z Kf1 4  *KC1+ 202

and~ t -contrary to'the reports of earlier .investigators (4i1 and-others)

1 ioZebhlorate or-ý- chlor ine 'is fomed under any conditions of heating. Theý
velo~cfity- constant (97) ffor ýthe decomposition of - ptassiiu__ perchlorate

CAdn',be c'alculateda at any temperature by, rneranj of the equation

.16g x 14*03148 -12455T

Calcium percblorate on, heating 'Yields some. oxide (82), the Molar

'tof fchloride-to oz5.di in the product being~ .about 201.1; othermea

percblo~rates, when, hydrAted, yield oxide or hydroxide exclusively:

MgC~lO4-L6H2O .. >g(OHI)z + 2HC104 + 4'H20

The thermal decomposition of the perchiorates is accelerated by a

number of substanices including-the amnmoniumn halides (44), ferric oxide (97),
carbonates (56.57). potassium hydroxide (14), copper (14), nicktel (164),'
boron trioxide (14), and nitrites (138). This topic will be discussed
in greater detail in Section C.2, passe 41.

Cx.Ldat ion 'Reactions

Solid perchiorates are powerful oxidizing agepits, although they are
very much less sensitive to ignition, friction, "-d percussion in the

presnce f reucig eents than are the chlorates (117). Tus, pota siu

perchiorate may be mixed with combustible miater'v~ls, to make special types
of futel, with comparative safety. Ammnonium perchiorate and hydrazine

perchiorate are explosive, but the other inorginic perchioratev, according
to I.C.C. regu-lat ions, miy be shipped as floxidizineg agentul" in paper or
plastic lined steel driumt (117).



Stettb'acher (129) C&IC.oUIted the heat geritrated by the comrnbuti~on of
1 kg. of varions Incendiaryr mlbxtures:

KCIO4-A1 (duab)i M4 k k.cal . K00-Al (duigt)a 2330 kg,-eitl.
7104ojMg (rower): 21C9"'C1O 3-M9 %'Powder-)I 2280

3-P(red): 1417'?KC104,-0 (1impblaek)i 1118' K13- 1mb&k! 08
xo0104-S (rhomble); 75KC!0 3-'w (1rhobiec)i 1083
NftCIO4rA1 (dust): 2751 ~(hmi) 7

-~ -- *'Iron oxide th~rmite: 972 kg.-cal.) 7
Poasu erohlors~te i.s reduced by metali'A- _7ima 80.(hpts

- ium chlorate, 'baing less 0tb,0 isieuoda 00 oas* I¶m per.
chloIrat -Js iiot reduced. b1Y eou ammoxda blow 4ý00C., waegbsc

7o __aeusa a Whi _ he

r#LSdUOO&t

FOX ~p zy e I 2T; :AýV( dt3W0A
-1fatein 4z-tepout (741~ -

~~~~~ -
e r= ' __ ____

ae 4-in (7)A .-

Vqdti -- re gaf-A

Wdr 5 U17: Om '0

V1"__ _"_-1__ N
..... 4 1

alir. 401--07



Avilbl therndymodyTnamic nd throhmIldt -rsdu n

ino&-ra! heats of solution, differential heats o~f solution, and the spsd.ý
(ý'i itt0" C~f 0 a& NR~O14 solu ions (24);, on the in teg heatkof

&Lilution of: FPOqj ana X10l4. in ret dilutions at 15* and.:25C (2)': whad
on his at a o dut on of_ aClDj+ ih.rjethyl -alcohol (1).

Th'-M 0oiý- At~ ý-pepffration of mtakl per *cv t 6 t m~y1

-0 2tiifl ui' as f I& s

- O~~-O &4fe@I-ti'on _t ah-- -M

6_ h r n - -----

____ act chm.:1-xdt6 6f--lr~tiý ai~

6. ~~tz'oy'se o._- d-~ ipcl21* l'i~.

4t ZAIE- Uzi

Q 2V

Of- these~ methods, only the first-nained12me ac almly beeri: dqvqlope4
-- on a ,oo'merci&l scaxpr` Tho- lit-Irature .on al1 the- proposed. 'nMsthodo. Jhey- I

ever. in rimviaý 'ir tI1E =AfMtMl + th~iiq't .

jr
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H4AH 4 H ]3

P-1 +1 Co +1 N H H,. H H HD CQ 0 %n. 0 r4 + N 0)

0%__ C; %.4.. 0% 0 n~.. %D~

o v U-44

rC.)

H.

* .. .. 0 0 0 "4 '00~(H

b4 IVrC-1.l + +0 0 N C

0(J r QV\ cq 0r

C) U- ~

ri 0 9
A. + 0

C; r A H C~.' H 0'H r 4

V- cd H'-v 4 H C.)H '

S- + + r4 r- 0H-

Ill r-4 H O

H~r \,o co~N 4 4

oH *c'' C,4 + i + ~ t ~

F- r-H H 4 H r4



I.

TA33LE VI

ACTIVITY COMFICINTS -

I at 2.e,0 (64) log I at the frez1ýd o~oi~ntni (112j'

holanut X4t~04*~0 104 04  KC0 C0 4

0.01 0.0433 0.0439 0.0418 0.0.492

0.02 .0588 .0588 00583 .0697 -

-. 0865 .ý0857 00913)

0.1 A1139 .1116 .12re
02.1482 1429 .17?1

0.3 .1718 .1640 -

.0.5 0o667 .2066 .1936 -' . .

0.7' -. 2330 .2151-
1.0 .629 .2644 .2393 -

2.0 .608 _ .-..

4.0 .627
6.0 .675 - - ---.

6.5 .691 - -

TABLE VII

OXIDATION' POTENTIALS (76)

00!-3 + T2 0= C1c•4 2H+ 2 2e V = -1.00

C103 +2 01 = C10O + H20 + 2e E* = -0.17

-13-• '••



I. I.crc clOxdto - e

Stadion, in 18i6 (147) - at about this time, or shortly after, this s__jinvestic-ator discovered perchioric aci& by reacting sodium ch-lorate w ,ith
coticentrated sulfuaric aoid. C(. dOiwers hkve occasionally givOin the credtt

to olbe who published. some oboeerat ions on the proce isAn 1847). 3 teftwe
-'the d1iscovery of `the e~lectrolyti~c Method zand the begirtniimg Of_ CoFmneicis3
?O t!2?r¶in- we idin 1895. t -here appears to be--little ini te 1it ratue

'6"3?QWthI~nbl ca i.h,'o rtc:'-( no--a. set -of .cndit AOns
4 - LA Iga o7 rVt-J.4w b pe o ers -tor at M -I fil

'hv-sn brtefly,-t -U s- P ohrono.Thosia - rsr ir -"-i

t f--the -7rtIh P *1 I tWi-y o4WnM%?8I __m4ou-=

~.sm pdo~ba iocrztml r4.o14zill~t 44 fit il"W

ALtL

kwvau'- ~iu utue.

W% ~ ~ l - fWfgfoSLidu&qtibgW,1

p~ie~pV ~ __ - -P-

-fh sn theU

- t- 'weof-wore- cvncesitrateid solutionie- the-A o~icnetai~4 sAit3.r-

U - - per itEtr i ialtsun revswis rii c64-ofifa
5 btrc!,i PrAmbIhM - ~i error),

I~nA ___- _ li t leetrolysiw -ofl01N.- Wint-eler a beerd maxirn'm etfrriet
fieciency4.t the star t o t thy Proa so. With -TaC2.O 3 , however, ueint mno.re,Iconcentratbd solutions, N"xtmrn current eff iciency ( >95%) wias not; attained.
uinttel atatrolysls Mda.pro$A~dsd for some hours (96,147). IM1h eff idiency
ha 'be een. pjhown by sieverail lnv~iutý,gators to remain at a hld gh level until.&,I t~ AI-: - £I'.fL%... Iatt itG-.r *iiAAj-a- tLq to *ý-f

U oxi raijLAAý, w&1h1 VIM JrNA.TI thni tine over-all or average eiriciency mayj be
as low as S5% (1,146). To overcome this, 'the addition of more NaICi to
the electrolyte, as the elect~rolysis pnogre ties, has been suggested (2 , 9)

-194



t lectrolyte A"oe~1~e''

~.- X--'

T6~~ri9~-.'10O, '5 80 ft.' Pt No rpoiuctin'n At L~w t'-no. (17-200C.).
Kd-- '-' &WCl01- VPt. 50% a ein. Pt. Pb, Cu. 7n. or Very tmuch better than
Currerit yield@ increased N1 Pt high '%11. but high temip. (75*C.).
with increaning e~ictro- rep-1d .PA.ctnn vt lnterrnediatp temps.
lyte ooneft.

j 1 - gaturpted soin. Ft Sh'.uld be below roo=
J17 I 0%,56ln.' Rave (Platinited Pt io Pt te-,p. pfcor v ieldv ob-

'reulttor20%talned atS-60-
0
Z. Nou6t ýose raltý r 0 unsuitable). A0~C At, .oiin

...... "lields.. apparently &:ll

L-ederlin (Futs..)-jD Propopee uiae nf dl~ehrrouate

h..v&O uiied4 4to 66,% NaC0 1 sains. ttlowed) %nl-Ftoe ,.-brtr-

(96), Mate ''tim:uer Ofa 2Cr2O0, ?1 cm. shenta. mide-d ,hýetta) ono on sultm. 4o pprchlorate
(2 9./U ) O'liluinates oath- ?Pletinired Pt elthtr ;tide of Anode. TovCe,1 Vt WOC.; inter-
odic 14ýuatloan gave very wkuch mediate te'ipp. not::f 44zlower- y).edsJ Ptudled.

Itl 7iWt1 j7V &CIO.,- 60 to 70W goin. SmootFt Fe Und-r 100G.
(U) o ARewiwaiff- High overvoltawe
cbg._ Prete tI 4. - e-1d tn 'nlnimi~e

L -R - 0 'discharge

German Fot./1919,,, ICIO., Polutions 27cC.

Villiams/1920 Ma~OM, 600 to 700 R.!1. Ft. Fe 1n'-tin'ily ý1out 101C.
(146) (Oev~lewltg *(Frrpdue1 ly risee to)
comm. practice). S0C.. ilem

own -~rk Ph-)wed cur-rent

Off. dnec not Iril. off
"rnidly up to 6011C.
Thpe hicher t-mps. give
better currenit yieldr;

il~liamC At51 .

Knibbp Pt Pl./1920 Chlorate cotutione ohnw -~- -- CindpjctiIvty Innr'.pee
(72) iMex. conductivIty pt with ter,i. Dimcizers

I550-6oo p./l.; perchlorate effect of t-n. nn cioncn.
.on~n. At 6oo gIl. C-n- end dlsarhar~e of O0W C1.,
ductivity falls off !ibove. 010- end on other pý!aaiblr
this eo~ncn. rnol- erpctiorýnv.

-n, i./-1 x1C100 "Olution-s - F0r/. t. NI ?4-27-
(~ ' Curr-ent yiel~d dereceed

Inflre~dly As twq% In-
Arer bove 200 C. when

ioy' -. ) ir used .;/

Eh rhn I ýY~,) -i '300o -Too a,.7 t eatrt rt Fe4o- ,oc.
(194) 1912 1* isdded c. %tir-mouily

a,! e`"'rey-!' p'rcrdno, not
P.liuwing It to ý1~-o bhelow
150 Vr/I. unt'll S,,.C lt 1

!qSolution kep~t ea&tk~~.k WITh -3.or lo-,er
V67.o



~IT or m ot.- ObWG~? -R-vc p--*

-___2 uta o ci.;- ,Thwtie_

Lw ~p (7-2~C). 4i. oý i6.6 on;..1~ aeiA. - Th.o- sio,1l? amp
Very much bettor.-'hsn Obtained UP t~i:98% In pe(.ý 1qiutlon,`; ahould citV ei4 5Og-.

Ihgh temsp. '75*. ) Yield "oyr 27 -bra. In, oxIdat1n'ofchi-irate Memlo, to Naieb it,
!teimt d I~eits temps. a criyig' 50%, oteurs only ettj 2e1 ,oru

w re ot Inv-mtiv..ted eoin., at a C.0D. 16t 8. beginning. n
*iMPA./am? of4un. Uurft'ye

v'ýhu14 be oenw~rooam !Invertigited 1.4. w- -1 heta I~ wt lO.q ~C1rren~t y-1eli*!th
e-rlp. -!or vielde ob- ampA./dm. YipidIn L4.*5~ ith- 1C102 at sr:emwihen:

'tained st -501600C 'N6o crsaes V~t h inil-rOAM-1 i"N Clu'a-'co;'-

)xIdtton_ obil-ri pd At I ng.C. D. Soa rcshdue:C.D:ialls
,000C. '(At boilllng ha.h2 ~iosIa'

Mon-rskl j1ine onf-
d It 1:onsa

tpmn-ý--Av bet e-al. d nt - A mimirnun anode AMYunr. e, u increaepc

luits.7 '41n porchlorate 'If C.D. is high etiough. Ity deer#'ases current poenva ise t eeo.SIL-Con-
r~eed ctle0C.,." nter-ý chlortAte dinen.. u'st y.eld~s. I~e~er ,vle.

'.dlste temaps., not ;fall belmo a very low I.qe vt teo) urrenit yeO. lAe a !,s
tud Led. M alue hcfý,Ye Current a few % IO'azi' at start,

Iyel ,L Appreciably ,than~laterl n< process.
~afreeted.'

':-.d erlOP7Tem s /dm2.,T slirhtly Acid 6.5 -7Y Good&Caiaini e4
OUrn-*nt 'off. aver..fec

5~. iwpI1~dm

;_rmtin11y A'lnut 10 C. ýIn tiAlly 45-50 Ainpl.1 Should nit be elica- Voltage Increases 01 appeara only oftar
'.i:-dumlly rimen 'to ýdý"-daly fails to line, but there 1 ase electrol1ysis RAC10'I conan. tal
s5-500C.). ViltiAMR ~0. oms.ft) advnAfltao to proceeds. beiovlQ0 C./1 Avg
'-wn *..rlc rh.-)wed.'cwrrnt acidifying exccept at current vff, is 8 5~or
ffr. does not fill o" lr ept etrtDuiges;
aonidly up to 600C.hiertme.tbetter. Nranl jm!lPae

"The hither temp.. give duced atni there 'Is ti
tt~ter current yields: tou~llbriur, Values for'

Fetr avea ec temp. (2.:/
Willor 0 e te 2. '-l to 4.7 g./,.at 590)
VillIA.Me at 57 ?.0

Zondcti~t~'inosses -Acidity needed to -total ro iptuimQ or'*
4Ith t".Pr. flsc~u pes reduna loss or norchliora0t ooll, Is

ifoc f t."I. on conci.. current thru OH- mueh hichor at end then
~ni dischnrte of OH: Cj-. and Cl Jlsche'ige. at beginniV. of Ple-
'10O And on rlth'.p".- i-blo, trolysis although edcc-

-S)~ g~c~orp.trolyt* resistance SAY
be the same.

'is-n lcrppf-i cet hodal current yield L.-6.5 K ith high olvea~ntde
nArs' -"n. in - mountf-d wdith Increase lyte velocitien.~~ ?t"'1. v~n In cAthode C.Dl. i.itlr

iv ~ se ~ ,.'in , . cl;Ange In aonode !.D.
-M.,hb'l lItTIe effect.

____ 1 6 M urre'Nt err.
1 K~tJROC104 roTeirer
?.0 KVYi
Ft 10e4 m92ng.5t-KCl04

"or lotp-r HtPh Q. D. no emornftisl -

it'i



TeV enrfra-...aa

The earlier investigators insisted on low te-peratures, prefera-bly
below room, temperature, for best results. Above 6000., current yiel~ds
are low (39,147), and at 80-1000C. there in no perchiorate formation (96,147).
Klau and Wetngand (14) showed that the current efficiency ine markedly- to-
dluced by increasing, temperature If low current densities (e~g., 10 ampslsq.dm,)ar-ueuod6 b-ut that the efe7...

-h-aft wn* u hrac jAms noticupb1e6 rat Mhrorit1;fnja ~j,~-[ aumpsusqo.) A45-v50 amps/eý niln~fl~
foii6d no advaiereoffect on current eff iciency up, to 600a. afl&p beoumase o6f

bet at -, T aigner zainnsr~rnt;.-
S- -reSin-p fjieO ~Jti to use terifii'tiieine Irtt~se g rI 4o-5?. -Some co0oling

- -Is- hereoreneoessary -and this-N iaoc-ompliisheftbi sn -xera y--I --

0- (99)vo-&±nternal ooiiiff 6ff qhtis(1 )fr. coolin2g water ,orby bmLatrWýeole eathows-15.9.z)

- r 'g An- 7

Mar ilk 2r4ttA at_
-i____ -I

r ofl~~ in~neitralor u1tetpa4e ti- ntt3Patth -Y- 4
_____~ ~ ~ ~ ~T 7 r fl17od.t t-...iI 1~F--A AA__

Kr~ I - 2 - I&-~~tc44ew .- suu --- nL -~:M w J L~u u n o o _ * ic t ;_ ~ --

- '&~T~r f -Ipz~ w~p ~ ~ ~ M,
- LZ4.in. i ~i-i ~( __ tdiu~m he~dhu'Axy6~-$r

~ .~..fl1_V ti? -con _ owziuirnurfr AicEvdi-7tn the 44A~~keo RNl~*l WEoii h yohlrt4n
4upree.~~~~~~t-a.~~~~- 'irondat 31%~ii~~iprnx 4 teCro

a~~0 or- I-~ trat. a-

"ItwS recognised eorlyt in the study-of "the OlCatrolktioQ~ xdajon--{
B igher curr~ent denmittee aen said to mnrg-teavres-et-t
opezration atV hi~hvrr temperature--(-14, 146). of thI grat! nio

elrr~A~"t e c ý - a... % j__!gJ -- nimaln , s.. nA. WI
Ouch, as . 1

2IO,,-0 01036.

2010-3 +-JN0 . 21E101% + 0

I rU 1



In Ge~rman industrial praductlon up to 1929, the p~nocee current idanfsity wag~
t said (140) nover to be under 30 am, B/sq.du., with I40-70 sinps/aq.dm. the.

anaund ranee. The correspondirZne-f~thoie current denelty was 10-20) &mpz/eqqjAd6
~ mo~ mn~n C~errAn u unedi 30 a/ms/e.dm. at the Anode (00-119).

Ln &]niland, in 1'912. a current density of 8 empf/eq.-. -.tae. employed com-
mnerciall1y (1); by 1920, it ha4 been stepped up to aný initi~al 4.5-50amO es/sfq-dm.*
leveling off to about 30 amps/sq.dxn. as the cell resistakloo increase& -..(1461.

I Modern U.S. calls also operate with A. high current density (over 30 anmu/
sq.dm.).

IWintei.er (147) showe st erd d th $-or,' re otion. of -chlorate odour'?ed. it

(1)found the-curretyied otd with icreasing, ca"-hod cuxr-ent de.
current ensity i --yldsr mhan thed hn~ cirntesi

sty, It makt coimmercial oi&ell'for c ViohvAueAe~io.t~ahd

- M - 'Ali - -

9- -A-it-i .-- ~- or

W3_ - f TWF t

X-1,-$ "Oiz ad 4-aspr rtontsyt -tf -:pe-'--0

at~ Withe~sn AfbWora. '2h

A~hloratc 1-6 M1-

VýI ix - ---fby sztiv o;L"en fateme. -at, thd anode ý-Ovi the b&4s: oV' -Obr Opwr'ifijent
hihindi~atad thi~t chlorate-G~ould. be. ox1iiua with jýRrulfprla acid.,

:. cumono, -~do~ perozi- d., A=~ ~ n.he preveno. of -ultriaviolet 2jiht.'

fat'bCo'w- Aha. '~netet'sarry -for the-no~t imin lvvehnrga.: n.r _ __

in the solution.

Knibb- u-nd P4,freF ia' (72)-dia not consider and Macle-s proof
-of direct chemico4i oxiclatiork by reagents, oth-ff than porsulfuric rnoid,



alufficient!" CcnClUaive LO 0'4port their theory, nor did. Knibbe andFalfr~o~ama beli'eve that th-e 23onntt and Macek theory ~tsatr~ x
plained. the offect. of alkalinity o.il efficiency. XnzdbbB and Pallrae.-&n ~suxpportedt Oechall on the princi.ple of chlorate Ion discharge, but pro-Iposed a different mechanigsm, simnilar to persulfate formation, for thereactions L!tk'a1 Tllow;

02 C10- + 1ýO0l 2 -~02C-1-0-0-010
2

O201-O..O-C!0 2 + E20 0- ~20-0-0-E~ + 02ClF(Hl 3

~~~-o -modsm- -cells h4ve- bee eoie nte*ie~'~ h

r ~ i T~b~e K p o5 The conutrax-ti-n o~ ~ o t ,S, o e ~ ~ 1 m ~ e r sh wr ~ ii ~ J~ 1 ru' ~ I a4y:~ ~1o -di _ru w f~ Tt~ ~ A~~ h~j '~t orat e lie Ce oona rut.- , i van b -I-- n~ 8 (~~_ 28j 29 ~ ~ b
a, W6_Uh_

Thu~itt. I4.iIMrw , tsh lt j cdibo.ofp 1
-~~ot RA~~1~~ unm*~~~~' 82 fl &t IuA__I ~~Vo~ud V_

lk of 0

_ J-7
~tuft:& AnotbereeTroo hma 

-titos ihyr tn lo~d~ &~gated _11 ben-dpe omecA~ ~it. tb'tthey'are ¶eAiuACToRWYOoom~ared to platinm, ihra o- chemio&a. reujtan'ce or In. their le.triosal proper'tj.1 0r~~b, 0i of te o~uld be" ise If our uoI--pl'AUM!-1r ahmalud. -fM1~ 
-

Th -ýhinnat poeiiible plhatir.amn filecitt consis tent with etr-ength anj ~ r4,ldt~y &p~pear to be nt.ndatory toi lwup T~he inv~estment &b 4K lininiRVOw.* Westoz'n Vleetrochamica! vaed 0.1.5 mm. (0.00611) sheet with no other supportF thn What offaredl by Cliaie guide reds. 1. 6. P&TrbO2. u¶1RAl A-e Ae%^N
u*.w lua ic~tnP tJha upper margin (ea~rfaer BA-0 tc 111 C *G a vt2)m xW ýtMffTred the edt-,ea with O.~'5 rxf, r~~ia wire.
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Anode assembly..- -- ... 1

%ova ihig water Inlet - --K 7 -1-

L Ileotrolyte overflow-

:-11e.oradl~to inlet. __

va leotr. l I~wl v locj1 1i ipff-
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Mtee! tnbe cathod~e - - -
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'Ohoda h~ive been ffugested. to reduce the bulk of platinum

r-squired: adcwr~T jLF) ~jrp*,~;o

L.of platinum and. 15 kinds of jplatirnu3 alloy in theel r IVI..

tion of~ ammoniumf sulfate to perguafate, found that P.[atinuin a~lloys con-'
t~dainin a small'quantity of cola, iridium, rhociu , tc..showed- almnost

L ~the same oxygen overvoltage as puvre platinum.

Lieb1kieoht.: (190) pro sd andsmd ''ti JaiumL foil or~gajUOa I

with reinforoirie frames of metpAlia zinc, for- the electrolyti~c prod jio
of per rt a and--:thar "pe-r"-salts.-,-I

Adoph~n et .00Il6 ) Aidifogea as ajnousm suitab fo the
axioti w,t f dopu-~." composite strutue oo-p6'eLOUg coe -of
6~Mtit1~ mteri (~s~I It as a -topper --rod.) -to-wred by,.a. shei~thý of no-
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0.-l-.5% ursenic may aasuo be present. Anodes of this type pxe used by
bthe Chile Faploration Company. British Patent 212,871 (151), also ge-

signed. to the Chile Explorati6n Company, cla1iri that electrodes nf the
fo~i~;i~g o~p~ton a.re resiat-ant to anodic disinterto:C= O-6%

Z 2"=27,4, re = 7-9r;% Fb- -ý=l-2A Such electrodes are
activAted before'use, to red~uce their operatinr, voltage, 'by neing- them for
20-30 houirs 'n a call cont Alnrzi weak acid. copper sulfate solution, Fink
and Eldr'idge (37) re ort a corrosion resistant alloy of lead containing

1' R 11and 20 tin; thlia Alloy PAV nag f 1.s 1 0 -b..
copper deposited as comipaeied with.65-lbs. for ordinary 1.a,.. In a later-
paper, rink anu Connrd (38) deseribe the electrodeposlition of 1ead-tha~llim

E Alloyg., whiohr I nnj th~ tost -~sljjb~ -alloys --no"~, fromA ar Oe~hloilitel
- - b vi.h tfihe two -M- tillto- - -by e 1~x.O %u:ufxxo -a~noc~io - comie- rgea wITLw

a le~r. 6? le Ad. &Joie (se _$66 a, a on ox le. ~xde-ancdusi-below).i-
-2laot:Powinning oerations .#.re uzuaJ.1y ca~rriedi out at 1146iam sxpa/q~

whih ico~sidw~'b~ybelodw thw-e urTSWIV ersity uved. : yeio1i't
- ~ ~ ~ ~ ~ ~ _~j '_tte Thice thr 4sn iqiai f howr -theno allbyo - wo~uldd.hea,*o

u ~~~~in -dh~wa elom Pi ~ -~ie-th- 5 ~ ~ ~

_~_X_

j_ -a_ -- ,vc~nv tt- v

. -A

-----------

9:~- t~ 4 e n~tsueo s~amaowfw~

te eietrochamedro~a x

~'rueameet~des, U.89.T66tant-882,169 (176)--proposeranon-i -------J_ -e~Cnu opstiors. of- 41l-d-n. A-d~ o~e subiinn thOh Iar
NO-]a , w~hiie-nb~c ~~pi~ per eu iTh aag

bV e~ino et-c-blorou# co46wjm# 'Theise electrtodes aexi hi~a by
'~lovimcN the other inibetance with 10.-'35% silicomo. --kusuion- fttnt-69,700
k~.1cjaime the use of~ silicon carbide or SiOL-coateEd cartwn-eeetrcwreg

in tlaso of plat~inum for the e:Cactrolyrtic product ion of perehlarat~e and.



pDersulfaten. On the other hawd, Howard (53) states that carborartdtuni and
high-silicon alloys tars "Vluneless" as anode materials in perchiorate

US. - Ftent 5!46,3283 (1641) proponeja the use of-ferrosillcon. contain-
ing not lasr, than 1O,ý sil con, ae anode material for a variety 'of electro-
chemnical processes including the electrolytic decomposition of halogen
salts. The anoda nay be cast solid, or applied as a coating on carbon,
or incorporated in a plastic substance such as paraffin. U.3. Patent 1,311,096
(1-8) desBribas oaidatioal-resietwit &Anodes of silicoza-lron for use. -izthI ~ ~electr'ode.epeiorl of metals fo Aidfntn, The compositin so.
contain l2ý.2O Sir (preferably 114-13% Si); 1f ton ýLittle silicon is POft

_tlhex-e is 2io -suff~icient resistanice _to cX"Aption And if'0 to - On~c ilicot. to
- presen ,~aFld a -~1 beý r-1 t _j an ~a Ev~Wel ot'6 J 'eitaiI chars ~~in no. indicjation iin--either of -these -1et)ht 'roiicnvi1

be- aUttl'for chlorate _o~tjd~tion1. Siliceon allloysdnw" general, -h-owe or~
___d __b b ___s of-I
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U.S. Paten~t 568,229 (165) covers the use of a condvictive oxide of

iron, such as magnetite or *blaci*-slsCN, as electrode ma~terial for ka~ing
modit'un hy'pochlorite. Such elec.1rodes are claimed to be generally ap-.
plicablo under power~u1 oxidizInE conalt ions.

MacMuJ.1in (80) reports tbat magneti~te electrodes were in uoo~ in
1.* G. Yarben9 a Bitterfeld ahlorate plant, where each celi contained 28
steel cathodes and 144 magnetite anodep,. Magnetite replaced graphite.

because convsuption of the latter van higher at the high current. densities
and Migh- ttemperstlnurag- uz.-d;:_ graphite,. howevesr, g:.Ives-" alowerw cal' -volt ----

(3otv. against 3.6%, for meanetite.). .mantel (81) sta-tes- -tMx -magnotdta-
'elecitrodsia givo a 16wel- offiiekehOY:1han platiniM i hotmatro__;
Gets 4a ) wat ht.I .- '~ o~eette lie.US ~~ ts

_*qvA11 -it i!ýfacmyI" t'r grab_ of grepite is zot- available In -Garmanwyr

-i X'e becaixue t" prdrq a~~O~a1 .128 a"pot~X
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electric f'w'naee of the airect arc type, pottrirg the molten magnetite Eat(1590 0C. intio a 2-piece, hir4-ed and clapped, rray cas.t-iron miold. hentea
to, about 350"0 ., allowine the moI-d to stanid w~idietzmbed for about one

!Lueto permlit a~ cha11 Of' --sold W, uform ini contact wi1th the
mold surfa:em, i~nvertin- the mold to eject the ma~netite that tos till
molten, tqt:,,f.ipinP off the riold a~t 11O0-12006C., and slowly anne&ling the
reoulting h~ollow electrode by buriw - 'I~t in powd~ered inuatn maeil
Thompson and Atchison (137) fou~nd that anneading improved the strength

*of mg~t elentro-de. but ernused p1.tt ing an&. 1oes- of - ryst aslilne -at-otuiro.
An thO disoC.eSiOn following the 198t.4aamed PaPer~, PitzGeridd Mft~oerald
Labortorieil, NIf~ara Palles) geportea that he had rmd~e togrant
electrodes Abaeiiing 12 x 150 x _100 -. by-s~the inersal An -a- radia_

furnace at 7000 for:2-3 hours.

Thompson-ai .Atcio (3)fnthat tbstroretb.. W~aOUi
reuiati~uce-t 1c~ii?~y6au esleatrodo~ee fts 1.-jd yteAdf

t ion ,o~f- about: - %fýt-d- ItjLA M- . -;9591 -11i)II

iz Uxt&(lf Iae~ Ion18 (1mdur ibew1% Aumiut,1&o + ýe 7vl
-Vo i ~ I~i iWn k-2~ 0i zo a1i oxid

1~ ) u o~i,_L;;p~ n-Maue3 u us Aibi" Mebtty~ab~61oi

49 U.S_ _0~ ft.
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Pedotiar (35) reported the production of insoluble Iron oxidle else-
trades by ptw-tially oxidizing, I-cm. dtiameter rods of commercial (not
~).ectrolyrtit) irn Peet reranlts were obtnirAedA wt taasema
1600-1100m., under which condition~s a asmooth cantin-u Sur face was
obtained. Xteaaand Nelca found they could not produce firmly radher-
ine Fe20 qcetinga on Iron by heating, iron rodst in an atmosphere of
oxygen ( ý6. r by heating iron plate. In contact with 14n02 or 14n0 2 -3i0 2
mixtures (6ýj).

In Jaxaiese Patent 38,818 (159), a tu±bular electrode is made of A.
fused mixture of iAron oxide and olay-, the inner surfacoe is then -plated
wI th copersn Aftswr filllnc- thai hollow tubcA Arth nA nnuta Atn^uutawAA

1 - ~carbon andkcoal tar, the electrode is burned in a furnace.-

- - G(erman Patent 193J367 (corr'esponding to U.S. Patent -n,13.potes.eu
-electztopatn the lnaer srace 'of a,16-104o"s'tet-man1tifflect6&de- to

a -. - 44 'ea~~siA" L V6 A

if FarbeL i~orae 14a3t LIafrO weeast .as 0 o16ireataagulrppe
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_ u- hsgul'(91) has re ported the utan11y of lead &Ioqzjd ndui'

thet-teleotrolytic- oxtldntion n- oftnh2'ir, s#ulfate to-r-ipd5. le ha-jl
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proposed. that the chromic sulfrate is oxi'klic-. ci ehmicaiy by Suirface action
and that the lead 3aulfate Which reunilte Is reoxidized electrolyticsaliyt

H20 + ft2SO4- 3 PbO02  3 PbSO41.+ H2 0r 2O7

electrolyt ic oxidation

I n 14pPor4 of thils e-Ijanism, it is pointed out that the Oiarrent eff iciency
Is 40TO With i pl!4111im oeictrodoe Atidit on of hyq1fofluoric acid reduces

Gjei= ll 6urcy or the VDV eleotroda in thiql: roocqgrejum-bi
-by BMpwuIfilt - Ae .surfacem react ion.

-n-hee1-edtrolytiec oxidAtionj Mof ~fate to p:¶1fe(9,3Oo
--the othor n.-, l:Mizgucihl-(90) LcUd~h~ th diio-::?.ir~tjhe

Current eff itie Y biriIiES h1hhf -A1~ Itf
__ ~ -- - ,iB 2 ~d izd -by upesi ufc *ato._

W I

70 wa4t-s&ttA )
proaTh~ l m~ ii 4 a a

-off

v? gxdto fi~~1iino o3imolr;-t-O

aptenilo v4 ~ ada-inot est f1-~~f~i~-

KaoadKiui(7 oud ia hhttlcret*fcecfo oi.
M1Y~~ 7-f~l ii liyaihro7rn~eut n.c~.

to ii&, was ilv io W~t~mM5%fr aPOao. 7 uosrw
que~1ya h~hr v~tae u ~quiidb~ pltium anLe thf watt oospto 411

foundthýat pthen cirn9fiinyiiteo~Mino hoawt

4. Hot ta oav:o
NatoandNor im1 (6) foundtha the-toal C=Sn a.
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anode coulft be increassd from 41% to 70% by the addit ion of sodium fluo-

ride to the elect -oitC Qugino va-ir Yanashitea (1.,j4) confirmed ea~rlier
resuxlta on the electrolytic conversion Of chlorate to perchlorate with

Pa PbO, anode, and also studied the preparation ro.L 1'1aC104 directly froma
iNaC'Linh two steps by aci±fid~ying the solu-tion first with HCl for IhClO3

pr-oductioii aiid 4.h11 addin.& nodi'.im fbiinri-&. The 'best -vield¶
with a current efficiency of' 62-631%.

Lead doA-,dde anoded reported in the literature have been made i.n

the following ways!I

.Aa A'node for thielectr-, epo-siti16n of-Iinc (179), lead dIoxide is

packed into an earthenw&Bpe ~eth proVided Vith holes to exp oas. 00
dioxi de to the coiuti -orn' -- r the eleetrometallur ~ o Uan& --alTer-,

of ~Vertical toiWmi3t i ar pace Zrth w1! 17m! Vbj~iWtha rift ii

wire passinzg 'throurh tb!t e-ompeztmeniatteop -

U~s. ~ ---- amodes prepare yme~lfIOJJ

-6 OM rum W

K ~--M~U6 6~isi~fd2COWb

trlon tPai $ - -t
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v__ _hi __~t~t _ A*,Wot!'u io*jti _ot
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500 g f R1 ochelle salt (192). From' such at Solution, Pb0-vrzo( i Ssaid
to plate out as a bard. dense, blac~k, lustrous coating on iron, sAcl,
The deposit was somewhat lamninated, at tLhe edee6s, for which reason theywere protected by a coating of Ebonit.. Round electrodes, of course,obviated the need of nuch coatings. These invostigators found no erosionor crack formation &arlng chlorate oxidation at 20 amps/sqodme, and nofailuire. thMt could not be attributed to the presexim/ -Or' relion prn44 elseon. the tbame plate. C-trent densit ies above 20 amps/bI. 2 dasmged theelectrodes.

- il~he~ectoasos~t 0 ~ f ia. U~i r frm. nitra-te NOlutto,fr _nitric ~acidAtoneeA hi er~ebt ;fh~ d i ~rolenb7te led deositine-at. the cathode - daidVsAnd- to- r~,A-thJ75 M JContent4 o the solut Lou- JemaItn
uug .tbuiJ. u 4

1 & fl EVltl rtI 
'

Ow__ 
-_ A

3021t -L 

__~~~~~-~~~ ýj~~~i,~uA~ r__
044 

__.Vt 

Ift
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"(glai 18.

J~nMt

nitckel.lhJi The diozids anodes eoebfiie _ oOr t4 .wJ Apanege- Patent- 17-.6 w & ._6ppp-ro~ m heled os eltor used rP deposit P1,0 prevets branc-liIdeposition of lead at tU giethefolwh ocatod.nditantofaz~nC
folowngco~iaos for producine cbod I'b0n anodes by tt~e eletov.

-39-



of 1aad nitrate solutions: (a) maintain the H+ion concentration below
0,25S, (b) maintain the current density within a narrow raWe correspond,
injg to the bathn temperati~re~, sid 1c) Add P1ahminurn nitýA~te to the :Lead
nitrate in a mo.-.ratio of 0.2 to 1 to prevent the dendritio growth of lead.
crystals at the cathode and to make the Pb02 deposit %sliform and conrract.
The addition of 3-10% sodium chlorate is said. to produce the gAme effect,
The dendritic growth of lend crystals may also be suppressed by the addi-
tion of 1-3% copper nitrate whieh also decreases lead. nitrate conhvmiptioin
by half (131).

.71taha-m- And-Ohs*;& . (70) pr'epared their electrodes, by dpstn O

aayn3.,~t 1  c t~ 1rttaa A~8 depited-PbO2 nt~
~I~e±' nio A* oyl12lide -and: iK elutirt o68)lead" rdrt pcn-tbanng.
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i~ ~~Pbg ~o~'m i~prouo~&ue~ed..bohya a pnodehlort-
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a.Thermal DecomRposition of phlorated.

a.Historigal Baokwround

The thermal 0 self- oxVida tia, WE potassium chliorate was first observed
by S~rullas in 1831, about 151 yearis after the discovery of the electrolytic

oxidtionmethd. By heating molten potassium chlorateutloye
-cOlutiprn ceased, during which op'eation the fluid becamei thick end pasty,
-3orulias obtained J44% pcita~siurn perchiorate. L5.ebig co;if1.rmed. these
results by heatirngpotessui.m chlorate until ore-balf _the -alvaIblae uxygown
_wAk&evol.ved:, tundi thake conaitiollm 45% pot Ae~1m perchlor'ate: warn redovered.

h~~atin~~~ fo o o &Period. of -time-or-at too-. high &-temptratur'ei Millon -vr.:.;x.

a1laitidd to have o~boarved crystals of-XO1O And. X01 in. leated. X0O104'., *h~iih-
2 _dh1k--t6 -the d~l~iof~ht-h-~O 1  baneiyeti CO1~~?t

to-o-w KC4Ou at lon hat.n.

WO 44__'~*

-7--ýy~ ---------

w, ta Md~, 1At--e-41 tt

I-the ffrst stage duAibg -4j60h otl o a s4
the samout of:_Vs~o~ariW perchlorat6 Chcreas81 -to 65% wih -61.A;ofth
-Po -t'uuium. chl -orater -itkimWgeorposed.. _In. the aecond StOPL in vhic% uI __to 8.%or the oxygen is evolved., practicafll""a II t ba l he~ -iet ehlorat. ___

ýq echps wiorsase n6g amount ihort, ---

preuezzt -in the third step, the perch-lorate fozed 6 opouinopt-
-Aumw h~r and. oxygen, He concluded-,that ;#vv-&araequatianse voiild. havel

~- 6~ ~qO~ toexpress -ti oo~urse t tue &woox1~tiorl And' prOPOWe -tie - --

following for the begi~nning of the d~ecompasitlon: --

6 X O103 4 X0104 +z c1O 2 -C + 02



This equation is probablY intarded to cove~r ý_Ouehly the first two stagesmentionied above, since it repreffenta the loss of about ioxygen. How-(ever. this equation inljeatc- yj.Gld of 75 g. KCIj 4, per 100 g. KC1Orather thnn the 64ef reported.3

TIOe4 '1(135) reported that the reliction could be expressed by any ofseveral Uquatiors between these lindts:

0 IC 03 6XC104 . 4 XCI+ 3 02
-2KQ 14 Kc.0 4 + 810 KC+ -2----

- ~fthe su.t's obtainledlby_ the -mogt- fteafelg
.heat ink. ~1a~and eana bingwall (41) prop~oed the eq~i

u, --- c~i~yoncluded-jthAt- 
da ion
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b, Factors Affecting' the De a 1 , osiaf

-h ijo at o,, 'he worl- on tMe te.!- fItOlof chlorates

has been done with potaseliur, chl.orate. 1ntea..eleo ~tn11ry

tailed stu.dy of sodiumn chloratle, the work on the ;IOt&iS~i'.1 Galt IS revi"ewed

because the two salts axe ~Cnerally allke in beah&Vior.

Pot~9um chorato melts, w1ithout decomposition, in: therrke3668C

At . somewhat higher temp erture, certainly belour .000. 4-b rhbe tn

,to decompose. Perez (10Wa gives 364-M, as the decomposition temeaue

thatis.8e bo~the eligpoint he~ reports* -It is geriera-ly. agreed.

that-two react iono ocewr Silmiaul" Usly and Inaepenid-Sftly84t least aboveI

7_397oa _G 7_

- L~~XCOrO +-p 5VlIX.;Cl

-wM -
f

dh~ h d %T_
wmoi AW

iy f~ W a~1!n wh eam o ns a I r

ar 3vý # 95 -0, _

ar -A - il.t

t .0t O- , _ths#S-3 22j"===

lien on_ - eprtr- t~- 6_---',

__j0 ei- - 2b 3

&.adoftpo_4tI+I6h1&t.4~44* (.38) had'been reported, ia &nd v1!x repor

ii_4~O is24)9- 1%j.inmfloteinl 65- minutes -Ab .S20Q0. Zeh1JUMw.
HaiuaWt 0.6"PiY~erTed complete deo Ut 5O Iac.- --

Iec~on~3 s ro~-Yvery olow rfl mpaitier
Ree 11 , - alz bout -320O(7 0 u rverhlo

-i~ ~oe~dens~'ee f yieldu7. -aspe -Y,~ if Cat'Rlyzed by-other sub..

stamces presenlt,



Bita~i "rid We'linigand (14) have reported a detailed, study of time-tempera-
-4 titre relations, in their work, 5 Lu 1' S. portionts of XC103 were heated
A 0 over a free flamA or in a sulfur or potassium hiitrate bath until *from

about 1/3 to 1/h of the theoretically possible oxygen was evolved."1 The
Loxygen wais measured over water. The realidue was cooled quxickly, powdered,

and Earalyzed for chloride and chlorate, perchiorate being obtained by
difference. Some of their results ere g5iyen in the following tabulation4

_ (P. 45) i-t Whien the last two columns have been calculated by the- reviewer.
Thae'ar s~e ome obvious- discrepancies in these resutils ftablib-XI p, 5
t pex, ht hich argue against their acceptance as quanitativE.tA (Qu~litatiyoly 1 t

(UY Temperatures of 500..5l.od. axe 'too high even' for
shorwt he 9atnperiods.ei~1Xw~ )

-()-Teperat9 as,.. 465-55F e-b~r t b p timit tb~apros 19
-7.Ma~I 2 u A P~ isW~ int iceni- iirs -t 48

aMQ ---

t W-IWI __310_

1 ~ ~ ~~ Wafti~ OCA .g~t l~?.

>i:T~z~f ~ ~F~At

rt-,

AoWt yild. reportsdi h1~ ptire~ &v- mrix&-1~b.

The- preseene-of vaiousL foreign substanceshabenhmtoae
--- marked, effeat on "the courtse of -the; react Ion,, lcobav 4l9_foud. hat-

"the decomposition of XCl0N into EMl and 09 is more ra& In ordiav:

.I£~asi"Vessels than in JeA -class and. a~ttri1butp-d the.- cifferenoo to _theL 7
alaiI the lJass. Y~raklsand and Din Il2 (I 3l) &lgj :=hjjd 7the -- '

is-ef'feet- ci tf- l -b~;1y.-Aitn -podaerad g-LA~s tiff el
yieleL '6r peroblod~Ie iinder otherwise s bimiar -a-ond~itton's was 'rednoe4 froM
71 gura. to 56.4 gina. per-100 gins. of chlorate~. Blau and Weilvanrd. (14+)

Iobserved better yields in quartz Vessels than 1-i Jena glaes (0co -Tabla XXI.11f
_ p. 47); it should. be noted, however, t!At their experiments in quartsz were
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carried, out inl a molten sullfur or eealtpeter- bath whersas. the runs in glass

were carried Out over vtn ope-n fitare w*Aerc temperature control And ii

formity is probably more difficult to acrh10700 Ia~there P-IA Ald-rea (p3)
d~emonstrated that Clang reduced. the yield of Perchlorate by varying, the

amiount of charge (which varicd the contact Fe&e per gramn of -4hlorate)

and by adding glass slogs to the mqelt. Blau and Waingald. showed that the

additioh of powdered quartz to a chlorate melt Itn glass 5.np'ovod the

yield of. per chiorabe, anil suggested that the qium.tz eliminatei~. he alkali

of- the jeiasma 
-

at A$5* fot- 25.75 bre. in glass the perchiorate rield wae'

-~L.50 for 56.00 his. i.n glas, wth qat diin h

yldwas-6~. g./1l00 ~ Kl0101

~ov~ee~qtt 'he~ r-640~o tit~xG inih~~ or, qua', j:
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Oithew othor hand, manyi aubstances such as IMnO 2  n u r aont
catalyze this reaction. SImilarly. the decomposition of potassium
perchioriate is 6subject to catalytic effect. low yields of pere"hLcnate
In tha presencoe of allmiXi, copper, nickel, iron oxiede, andd boron tri-
oxide were attributed by 191pau and Weing-and to the c~italyred deroiwpooi-
týon of potessuiurd perchiorate. Parnir and Firth sY) howed "Ohato C4O2 ,

0 h 2, and ZrO decripase the Iiclef of perchiorate. Ihlikwa aind
Ea~i~.w (56.~..,reporte& that sodium -and potassium carbo~ae oee

-thw-e dpcosition'Atmperature of the correspondin~g perobloratee.
Hofmannz (.32) stated- that, the de0o'.QhQitiOn -Of -X10Cl4 was accelerated. bV
salts of heavy metalu,. eipecially ooier, aad. t04t the- coziek-gion of
'chlorate to Pereh~idrate-is retarded b~r molten 1O wich eet oy

2 X0104 -42r~O O

Qtfaer-. aibita~noeuare esaid _to- -7efr oeds1 . %- Lsu i-
al _ _$Urftso __ -

_3I
nd h~ i611O It_

7 _0 - v=IT-,27Co W, V"_

uho~& ~M- I[~~~~~ ~~~~ N ~~ tei --

I: I~-~ .- ~ -

1E 'ilia

_____, a7A w_1 ~
*N "a. i

I-ut fau . 6 i~fC orawii- OT40 26 ~ i 1~
thi jpdtt -10 ~ oiie~ o~~I~ e6VI otepAwi

~~4oaivone,.- oft le:~at . _ _ _..-A

D ata--on' tile decompastti'Un of -sodium clrt-aeMnr &
th cloat b~n rond. -10C,. (101a) of' aJlmont 100* above the melting

jpoints The decomposition temperature of sodium perchiorate lies iun the

eag 60400
C'I



Accordiflr to Mavnand Woolaver (8j2)/ th econponition temperature
gfP oodhun p~eroblorate: is 300 olerS than that of t,'C pottasfilm salt;
pe~ klola) F 4 it to be Only 1-9' lower.

in. view of theasi fact.4 it 43 te% 'hs P~rnscteA that the optinrura tern-

Paratre range for tftie sodium chlorate - Perchlorate coriwei'inrn wouJA lipc

below that of the pobassluin malt reaction. German Pattenlt 300,713 (157)
recommends a range 3bo lower than that used. for potassium chlorate; 'this

Matherm -tnd A.-freV's very lbrief ivsigatin(j of the effect of

jij I -n- he L~ 0 n tin. raanttotn aye theS following e1t o
:A One-ht hetngf -onesga samples: I

_____ th52 Part __ 4W_ ~ 7,lo~9

7 7 ~~~~ 4¶f~~llTtL,4~4

olbr&a_______----
-E$Ta-U#u -At4~

FT Kiriini7 ijl *i.Oa4Dt&L

thricv 11je ttl a4i _j1 -b u. to

Lithium ochloratlhlu3)Vm~rUmt at-190 adb: m ito
de~oopobe- at-270'8.%l' T- nmoion:~ temperature- of: _Ithium perohlora~te_

tha thein91&WnWr. in
82 Pt sttn g dthtteiiiladI1als age of tethermal -

deoompouitioi co6UlIbrepreeented by the equations

f inal:1; 10 LIClO 3 - 2 LiCl04 + 8 LiMl + 11 02

~tA 11

n -. 4



Rv
Since these equations represent a realization, resvectivelyvto only 39 ger ~and 24 g. of LiMOk per 100 g. of LiClO3 , the use of the lat ter coniPound

ýW__ woiu1e anpear to offer no advantae. 0

Calcium chlorate.. mriyer~nu; OSPne-i to give off o~yesn before itt
melts: (105). It melts at 30035O01 after ha'rirj otc 3 of its oxympn
content. T1he zat of decomposition increases, %t 3300C-, until about

a' ~ 60,4 of the total. oxygen is evolved. The calcium perchiorate contexit of.
I-e% reiue eaches a maim at this -point i 2*3L4%# Krvin and 'WoolYS
(82)- state -thiat Ca(ClOi1)2 .begins to decompose at. 405000 and formal botsIdes

e i~nj val um ohlorlde-and calciup oxide in the 'ratio ~f 20 tO 1.
_ - 7- ~~~rium ehi~~orate W~ei ound 4O)o4on~eaccor~Teoih oa~]alw -h -- -- 5,60ý - ---

_V _ 06 a . 61:

I Ib ''J---

- -- - -Io ~ -1ea- -- e-+.- 5"thi--

?o~-.Iw chl wate z b~i to-giv wof -~rA~ 90,JRl

I~~u -A)__ --

94 W, go I--7-

t; a --po ýýý -g- _ __

eaith b~ ~ov~ mta~ ff? xilidris+ a

foz he rodot~on f pr~horatsbyteuia/ en

heorte ir- frionavyr the, t ffe aontrYiptom sy al. I
kr prda~nofpr.oate hr

Th lieaueottedrc-hma x~ir fcartsoprctlrassisfrgmntryan',attiescotrdit1y
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~ ~ccordin to Sodewa (126). will not oxiaize chlorate to

perc~h~nrate. Blennett an Ifac (9 upportedu the teory tLWat. "active7

oxygen -0uOdefct this char-O (In thisA conn~ectionl. see FISO ýIOIW

61on ofL metal oxides, be1-low n A.th..t~tfr~ r1no
,~Waw~~ato tperchlorati; was due to the libera.tionl of active oxygent

3 KC103 + 011 KCO

However,' on -bubblitrw Oxyeqn. _pol~ a so1.iition Of apdirm &~16rate- ina-
ft.i ec a~ritroe rr~~~~ f or- ong per .o a Of' 7.me"iii

Kh a~rrv y -d onI 1-# 1,V C

__T 1 a-

do ve-r4 -ftm-

~1LTOW

a~~~~~ W.~MM ~ 1Ia~
~~~~~ne 2 07~ -~ £~ ~ i'I
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chln*t rar aoee cosdevl by tas trerce~ (r.
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-, 0 1'Im 

ieýpoe c
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The beneficial effect of Certain metal oxde ( 2O TP BO2  an2

on the therm~al conversion of chloratle to perchiorate, first reported Iny
Fowler n-1 Grrnt- (40O). wore ac~cct-erf vý!thou¶t cbeekiw,, by ilennatt and Mack
(9) as astbntantintion of hg -- ieTeefnighw
ever, have been d~isproven by Matho,-s alid Aldred (83) amd Farmer and Firth
(34). Yields of Perchlohrate are actus'ly substantially lower when these
oxides are present.

- i~:~~er~xV0 would riot ozidlize chld~?ata in aquossltin9)
Ont the othe~r hand, ISM U23 U was' founlxd 'bY Ott (113) and. Dihardt (11)

-- to be a. -very effective o0ridizing'agent- f or n-ekIng perchlorates. Uhrhardt
reportoti thAt___- --

I 1~94. ~ClO

Im ii4aata __I-ol i t6C

_n WWir
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ML- -.-- ,~-

6-~J-

10CI

-- 7.1

7'I
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Thxae methods of re~eneral.F.S4~ the spont, refpidue were coinsideredj

()Tr~eatrnený wi~t' ~e

PbSO04 + 2? BaOR + NaCL b0 a2504 + AG+-2O.

was rejecitea3 becsaut'O thc ;Mcr-y 'Iecess~tly for ±.hi regenerationi in up

pli~ed In the f orm of axi eleCt4 .ti~--iy mnUfact'Jed. produict an& he r t

the method would offer no .saving~s. in mater Iial or energy over direct else-I trolyti~c oxidation.

_(2) FURslon with sodiWI1 nitrate

i~2 -?bBq4 +: 2 NIMOH+ 21100 3 - 00Q2 ~Nas4-+J+u .

el.#imir~ts d because salet.ble bp~ro wevrbno po#s4nbeoaU66 O -

~TP~ --uSand nmaert,4S poblene wrnul no~t, -be 46AVY Ao-
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r 4. Peaction of Str ni: Acids with Chlorates

Tho6 4ecompazition o chloratees by ntrov,- necldu h--. becon 1-iown for many
yei~ea bui iey1tte dy hass -4-- l~no th arenction. Fo11owilw-

the ear1lr obaervistions of Stadion, P nniy an~ M~ n In th e early S 0'~
no work appear a to have bedn doine unt i~. 1,922 when Lenher, St~bo, and Skinne~r

(7)studied the action of a number of acids. The reaction Witih sulfuric
an id waa remortea to rield Derchlorate nand ox~ides of chlorine (Concia1ly
the te'troxide it- was attsted. that this reaction-could 'be carried., 6ut-
wYithbutdanterý by aadding the_ sulfurit acid sl-biwly a~nd preventing-:tba reatitioi,I - ur 6efrmb __omt -wrm, Yields with varfous acide-wer ni o A w

____0_ I -Ono, repeated. evap. on seum. ath

___ ~hbr9.~ to effecmtdrl -olbtut

-ii

Is -

I-ý7
W,¶.-el -a ho~ ~r~vrd n h-al iiA~ oitr -
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separationl of the perchlor~.te feroni tlh~ other salt formea can be reaaily ac-

I. comuplished. on the basis of ~afference in iolubilitY.v

2 HR + +~O 2 M'CI03 i M0104~ + 2 MIR + 2 C-1Op. +H2

- .A lzilar 'expedient can. be used -in the c1iorine dioxide absorption

'2 1 2 1 1P~ OH _ý== C MC03 + M1010) +4RO

I n this proco is, the -excess acid roquired f or th hlorate decopsto

I ~ wo~l4 hve t&~e ~eV~~Bdand reco' bentrate& aun ote

woii. U.v ýt-de28ve opSd. -

UUeý

V-L ......Lel- L~

7_4z 4.. -V
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P in the work cited, platiinun axiofts were t'kesc. 'U.S. Patent 1,27ý1,633
9ggeattg. however. that marnetitt Eainodes are R180o suitable. If perchlorlic

a-cid can in reality he made oconornically with macnectot anod~es, 11-- acA -

so produced coul1d be neutralized, with soda ash to yield the de~irpdC a 0a dIAM
salit.

Newba~m and Viathore (91a.) xmL-de crude Aque~ons perchioric acid at -- -on-
ed-At~ration of 2N by electrolyzing between a Pt, anode and FPe cathode a
sebatwated solution of sodium chlorate in a 2-dieaphzragm, ~3-com artinent- -] Call.-, 0hA and oprmnt was formed of porous porcelain cup wand the
cahoe compar-tnent -of an asbesto-s-~papsr cup.i- At- -3. $-a"p/q~ 60%

I O~e~eQl f!~~W~e ~b o C) OZ41104. Produced, It may be o- -

ibstht~t mia&-ti~e or o ther- Mlat-1Irm _sub stitnte_ co01li1 be- ufed _at thi's
U loweii~entdansity. -

------

IN A

04 i) _- inn- t I
W~t. V-_- 0O,0 ý

N_~aIwz ~~si *o~evi

tax I
I~ ~~ ~~~~ ~~~ W lWIr7aiiiRh rmRco~~ I

~Ink
_ _ _ _ ~3

41-7~yb~ IN _

13 no OA .- k4jPTAXo-i06 QUr. more -ra~sdily nih -jitlci__e.Z
aM W an. (4) ou.'& tbAt the a ecro rim -of- 73&01g2 g03,Utiogbt

-_Piatm. anowdes and nickel. dat~ioodeu at 6000. and w2.th u~'n eeifa

-- oVa-cej-o- 1-0-,0l biiý chor ic adiA - -cliuim M~oIaeOcbnizdra
- - saUd Ao: favor thei reaction. USgeryrthey-.-nd eau(9 06-tae -___

the. electrolysi, of s llVolumesf laiadalelnA ath horeV
mout~iJo uw-bwuen inootn p.latinu eli.ctroda'd at a ct1rrent density- or 30 ui
sq.dmo Yields of perchiorate were low for' ?TaCl qmd4 M.C but high for U01I.
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Us ixnr 3.. ov-inte fuiiowi.axg rarnultu vrer abtainea;

fr: Gm. equivalents Current
of -erl-alarate !Effici~ency1

I lI 0,0041 91,4.4
INaCi .00105 48.9

I * 0011 47-3.

Mgf ~.00475 _8-..
I OaC1~ 00=4.
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Sod1ium Perchlorate' Meth6ds of Producing Without the Use of PIPatinrm
,Poject 14urnber 3226;Contract urer NOW-R ?32(OO)'.

-I~ nvestigation ̀-arespert` the determination of a method for pro`ucIng

to b limited -to-ý the following:

(1)~ literatu-ieand patent revi~ew, ooth domestic and foreign, on possible
xbtiue&3for platinu i ano~. 4 ateria~l ithprduction of sodiium-

' Perchl~ora~te;

S(2) pre~liminary laboratory experiments with the more promising anodo

J¾ (S literature aind patent review, both domestic and foreign, on the theririaJ.
decomposition of endi~um ohlorate.~ for the produ~ction of sodium perchlo'c:"te;
and

:~(i) rlrnariyilabuz~aory expe'r ients to IndicaO3 the -feasibility of a
thermal decomposit'ion metnuu.

SCOP
The rapid. expansion of the production of perchlL&..ates during the last

few years and the d.ecreasing reserves of plati~numi the metal now used'in the
production of sodium Perchlorate (the starting material for- potassium and
anunonium perchlc.rate), make it desirable at this time to'search for now
methods t6 produce perchiorates that will be less wasteful of platinum.
Part. I of this report, bound separate!-, comprises a review o'f the tec.1mical
literature, including patents, of all methods reported. for the production of
perchiorates, and. of all apparatus and techniques that might'be adapted to
SgCCh1 Pro Uuk.-ti E. I lVý,'.. rTT ., %c. na in this -- e in a a'hin' ýni+* P.rtifrA-
laboratory study of-the methods de, zribed In the literature, and of other
miethods that were sulgested durineg the course of the work.

SU41fVUEY OF LABO0RATORY WORE:

A~ Of 715 samples of various anode materials that were made in this laboratory
or were secureC. from several outside sources, only mag-netits, lead dioxide,
silicon-s'ilicciu carbide rnixtare, ilmenite, Platinum plated. tantalum and
Certain m*etPa carbides with pla-tinum art a binder, looked Suiffý;fciently
goozd in a screeniný, test to warrunL fUarther testin,- as anode materials
in a Qerchlorate cell.

2. A numiber of mietal.s, several chemilcally resistant alloys; severlJ
larietles of rraph5Lýe: a number of metal silicides, bori~es, csrbides,
and nitricles; and surface-oxidized or sulfided iron and I~ickei proved.
lincatIc-,factory,



3 Lagrano des ofileadr oiC iio lCfCr~ue L

mft-gmane ite' were-tegtecl In a 5 to 10. ampere labornatoryv cell:

_W_; Nan~tite'nda -did ot Seriously 'erode but failled t o r~ake

-~;x. E~ctoyi-plated leitd dioxide anodep failed. because of pinhcleB l
ý"inýthe plated surface.,

c ý 'Aicbn-silicofl %;rbide P rodced p~rchaorate -with: little or n

Mirc'er8iD however, the anod B were ,serioUsiLVdamAge& by

ý'crackin,ý",nd& hAttering ~phenomenon that always accompanied the

1elctr~iie s

h d.. .-:Cirbon knode s produced perchlorate but they were always :seriouslyý-

'ýýit~k'd_.Theýaitiack was -n -fuinction of p~ll temperature, and
k '=,rentrhdensity..

SCarborý.-npdes prdcdPerchlorate. whenM operatted in g diaphragm-type .-

"A'-ell~at discloeed in a U. S. pa'tent. The, carbon was eroded b~at less
y'Ihth a~d~pr~ls cel. Graphite failed complýetey :iný

ý"Iý'abor&'ýoiy tdy,,7n. the thermal conversion of both sodium and potassiUM

1,o r4 chi oral nfrmd the yieldB reported in'teltrtn.

als o , ihe'siciine of.,the conversion and the requird.tmeaue .40
480. r~confi r'ed.' Yields a' hligh as 73.1% were observed in qua~rtz,,

¾ while Pyrex and. Vycor ýapparatus gave very poor !.Iel,ýs.

6. Ozone failed. to oxidize either an alkaline or acidI solution of sodiuia

7. Sodium chlorate is slowly oxidized to perchiLorate bylead dioxide in a

-aln mfuric acid solution.

61. Su~lfuric acid converted .45% of sodium chlorate to perchlorate. Chlorine
edinvide and chlorine weeformed also.

9. An analytical Iprocedure.'was devel~oped for zhe determination of perchlorate

ion in the presence of chlorides and chlorates.

CýD! =-'IONS

4onode materiall was9 found to prowiuce perchiorate as well as platinum
or plat inum.--coated tantal-im.

2. Lead rtioxI 3_-_ -31eo-iio carbide mixtnres, ana carbon anodeqB:

require further development before threy can be complete'.y appraised

as practicJ.I anode materials..

R. Ma.;netite ~rtodes did not produce percrhlorate under the conditions used.

-2-



me etal- -ab~e ihplatinumi as a binder, mr-agwieue dioxide.- and ilmeuite,
( appeiir prouaisiiigbiitvere riot 'tested 'inI sufficient -ditiil' in, this w ork to

i-permit de fi:iit conclusiona.- ',3e~tter spe~cijmen.eof someý_of these-iaterials
"m ~ust be 'roind ibetore riirther work t f. undertaken.

"q Tehigh' tempratuiie, ,thd poor Yiel'ds, sand the meusitivity of the
&ziý, eaction to- _trace. impuritier. rB]C~s The t'hermal 'method 66ko'u'at tiec t i~e

6 aoie cheamical oxL,72,t ion of chlo rate 'to'perchrt 'by- lead, dioxide in.
4 afu'lc volutio _is'm jieacical only 'if a good. method sfn.to.

oavert leaý -si.fate to- lead. diozie 6.

7 1 Thi good yields' 'ancL the ease with which by-products can be bandied' m!Jce
4the conversion oft chlorates to perchoiorates. by itron~v acids attractive

Int~eate c ~, jt~itio'n withZ a -hlor~ate plant .

8,~~~" 1 !Yth Teaa apo aPresence of ch-lorides
ý,6 cnlorat'es 'As rapid- and. accuate .

-1.. 7'It is. r6,zotmmended that more work be done 6n. the silicon-silicon. carbidei
:carbon, and: ilmenite -materials. This work should'be carried, out In '

close, ooperatoni~t alborat~ory rqippd to!ru.t c ds
made from' ;heie'lhigh refractory materials.

F 'arther work should be; carried out 'to aevelop a lead. dioxide anode,
'that *will hot ,dev'elop.,pinholes. :This shouldinclude' work on the
electrolytic -bitli", preparation of the bas metal, and. a study of ,the;
best 6peiating' c(ndit ions for the pereoblor'ate cell using a lead
dioxide ni. -

3, A laboratory-stud~y'should be mad~e on the decom~position of chlorate 1by
sulfuric abtdý:to determiyne conditions to produce the fewest proble~msi
of separation and. purification, and the beat utilization of by-products.

-This process should be considered in connection with a sodium chloraý_*
plant for the besst utilizat.-n 'by-products.

4. If all other methods fail, the lead dioxide oxidation-of chlbrates
should be studied with special emphasis on a study of the hazards of
the process, and on methods of recycling the lead compound~s.

f. Several classes of anode materials not frl7y studied here should be rv-
exarined., The metal silicides and cerments would, be included. The use
of ozone as a possible oxidizing agent should be more fully evaluated.

6. For the present, no foUrther work is racormended on the thermAl d6compc-
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The various r.,ethod~s for the pr'epavration of sodlurim perch'lorate miay
be classified jF, fc.Dc'ies:

(1) Jilietru1ysis of an aqueou~e sodiuz- c~iJorate soJluttion, in which
process the chlorato is oxelzado anc,,caJ.y to perckilorat.~,

(2 ~mt rtjort' of eniiwv chlorats. ini wh~ch )?ops the
chlo rate -undet on a oxidatl c~-redc.u tion to perc~h)oxate and chlor~e,

Dir -heim-Vrctl in of sodium Chomact, topr'lr

----- - mear's ~Of Such- __l _lpli SLa- &F pea--t %01,I~Ud

Ciod -, Sta-

:ý--- e 6 i i d l - - -A

T- 16a UWha

nI

-. tari i~v idim4-yi t 16K l-tes t ri1.WcyiV3tL
r ,yexs~~4 re~~ 0y_ ,b

attei~1 Jha f apard ro~iiieri-ni on he bsii -e -tthe- lt t rat~r
Stýu~y. (Taoie I) Other anodt L'mater'ials used. in this study were:

ate-' stfrminveattgationm in1I
this Uboratony oweep-epared duringth course of this study.

aen~uct, in ci -thic- report oe k8zi i -
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C0  Screenin Tests

(a) General D~escription

This Phe aO' the investieatton, i1VolVed thle tObtincg of I
mny differenat kinds of materials that mighI-t be used as sub-9 stitutes for platinm= in the sodium paeithiorato cell. For
convendlence irn reporting, these rnaterials are divided in-to
the following,-cLfthes: 

I

/ (i), platinumi erot -metl
/.(2)- Puar Matals 44d metal alloy a 7

v~~~~CA -I" V) -4-it'a&
F I% lobar_ rod -aflria±

0(CYA meta 1zd
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hyena nWS~fl At ha PAto , - m
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a reiptteorsdieM-n heelcr~te nd anatulY



Anode materials that ap~peared promiein,ý as a result of
these prelimninary screening tests were studied nore thoroughly
in a la~rge 10 armpere onfibin norn'lTrfte cell. This work in
covered i~n Se~7tion B.3(b)!--xtended Evaluatlua of Screened

(b) Matberials Tested, by C2.ae~aaa

(1) Platirnum Group Metal1s

-Inr 'I latiolis i hAVe ac 'Ojpted.

14e majo1iinuvr1 MI.d og

r 4 &

I I _ WO_ IIR7
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as anodes in the per&±24lorate cell. AnVcol (3)foiud that
tunigsten anzd niolybdurnan were strongly attacked. Certain
lead alloys have been rnzentloned anq "insolublo" anodes inFother electrochemjical processes (17,-38, 197),

ýgyqrirental Ob1serv-ations

It was found that alurninnn and magnesium e'roded rapidly
In the perchiorate cell.-

IMolybdenun metaql, -obtained. 'frd~ithe_ Panesteel FrodugtsCompany, corwletely -erodedwa in the Olesotro1yt fe

I - > z l i . . . Urr nt. bad p p s s e -fo r 3 0 m in uites . ~ -

I ibrc toriti, a moa tt od imedatnely In4f th6 iItti2A t:)Yiiee

------ l Yn - - 1'r

WAS 6.ibIM 4. 6__ V4 _A

L'7 I&- tFt74~jr -

P OW

MO - A,4Wdt

--J-W --

__ -h 
-AM -- __

-Since all, 11of the- abov matari4a_ tither plrz4
p,&carat dll 6Atýwarn considered sfcqntly promising

towara otfihe testingas. anodle riate rialna
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(3) c-raph-.te nnd Catrbon

'-ckround

*U1rnann (i'4-3) roports that graphite is too stror.e1y

attacked. to be servIceable Iha -worohlorate prod~uctionl.

Sihvonen (123) sa.ys that no perchiorate is Iformed at a
Craphite electrode. .

- 0n t~he other jA' d, -_*_?AtPat t '~7909-3 ýI86) -

- -~ aiuu tAt impregýAted retort- carbon. may'a"f&z .
p ~ ~ ~ Ollz ui -.-.. ! nels Y '06i

hr th b
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Crdelmn cut wgI e itihfa ;iGmorod saw.

-4 -4-.er A-^1 4en j 01
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f romI the Rt~telle- lem6ria - lilt~i tite -"eir---1a k c
W Ith ~In sib1.e erosion evidevit on tkO Fnn ~tmm ýtvr~pl AA ýCol-

Bidez'abie reddisii-brown preelpitate in the electrolyte.1

ceelabe-inivestigmted furthet tests shouild be ma~de on
metal1 silicil'em bee%, e- of thelr- genrAirlly outatrinding Inertn~ess,
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Yato and. Koitumi (67)9 itarandObua 6. O and.
-UA-nn-+.Pr o..U... ilqe o 'Leadj ~

dioxide anodeO` 4n a ~I'b t~ysdiu -erchlor-to c41.
Lea doxde noeadescribed. in the literatture have beenl

made, by.:" packiiig ,lead - d lxide 1no ~a er~e'aesheath
--n~vided 'With holes (19) packing lead dioxide In a canvas
sack (175), comprcssirg and heatIng amifture Of lead di-

maiganese. dioxide (181), by eetoyig suilfu~ric acid.
belveen lead electrodes (136),.andi 1b the, e1 ctrodepositiofl
~of lead dioxide fromi lead salt so !ut ion~s_( 4 ),(l2

~(~5), i77)' (154), (193), (67). (162).(3)~7) ~)

L-perimental Observations.. .. ..-

.,For this vrork the eiect'od~epcsition methodof preparizi&
1ead ainde&odes wa c hosen as 611 e r ng o~

tuite-for sucuC.se 3~ el~ '~agr s esribe

the work 2.nvol v- d in-testl-ng~ndý evelicp- a'sIiDIal
lead-salt bath that'wouxld ~giv'e lead. dioxide pliite of'. de-'

Girable-charaicteri stics for an anode in: the asod<ium per-

chlorate cell,

The equipmentue for :the anodic electroplatin.. 01
lead d..oxide consisted of a ý_ce~ll and a low-voltage:'directý
carrent Ipower source,. Beake~riswere used-~ cell bodies to

-.- odthe-electrolyte- and we~re heatedywen necesS~ry,- -on
an electric hot plate. For-'£Clectroplates #1 to #20.. (see
Table X, page 22)the'.cell -consisted. of .a 600 ml). bea-ker'_

w~thdoule athdesof plat inum plated tntalum placed
opposite each other at-the wall of the beaker. The-anodef
usually a 1 1/211x'411 sheet of metal was suSpendedýcentra±±wi

in the beaker between the two cathodes. When metalrd
1/2" in diameter and 9"' lorv., were to be Plated, as ini
electro..lates #21--to #26, the-cell body was a three litenr_
beaker and the cathode a sheet of tHin, flexible steei.jcoiled
to cover the entire inside circumference of the beaker. A
circular piece of the same metal with suitable current
leads was used as a bottom plate inside the beaker. Aj
plexig-lass lid served as support for the centrally suspended
anode rod and. 'erotrand to decr,ýase solution evapor-

ation whera ape>. r.ing above room temperature for long periods.I
The power source wa~s an autotransfor-mer-rectifier combination.I

A nu~mber of lead salt baths were tried to determine the
best compositioni to -,ivc a good lea4 dioxide plate.' These
bath. compositicne are siumrmrized in Table DQ 1XPat-e 211 ~and
th-e conditions under which the lead dioxide electrcplates
were made are outlined in Table X, pade 22. '

It was lound in some experiments of Pa preliminary
nature that a natiefactory 'Lead dioxide plate could 14 tbe
secured -from q~n acid lead . ai bath based on. lead, nitrate

-20



C> 'tWBLE IX

COMPOSITION OF B3ATHS USED 134 -A140J1L

COTROPLATING UF LEAD DIOXIDE

-Bath #1 200 gr"I.ms lead nitrate- .Pb ( NO)
4~5 grams al1umixuini nitrate, All (0 3 )3 H20.

Water to mael. liter of solution.
-~2-*3 m-1.~ nitric acief to lower pr-to

~ ~.A~2 -n 200 rnm-1ad nitrate, FPb(N0) 2 -
~. Water to makeIc. liter of sou ior1.

Batb ~3 00 grams. lead acetate, PbC 2 LO)'H

95 girars sodium hydroxide, Na "IT

Water tý! 1r.;J liter of solution.

Note: Dissolve the chemiicals. individwually in water and_ mix.
Various precipitates are formed during mixing. Final
mix contains one-third solids, Filter for use.

C ~ th-_#4 Add. 5 grams of gelatine powder t6 1 liter of Bath# compo-
si'Uion and. .Lilter.

~ Bath +5 -300 grams lea~d acetate, Pb(0 2 H3 02 ) 2 .3 H2 0
"ater to miake I liter of solution.
5 grams gelatine. Filter solution.

Bath #6 -250 grams lead acetate, Pb(rC 2H302)2'3 H20
200 grams sodium acetate, NaC2H3O2,
Water to make 1 liter of solution.

2.9 grams gelatine powder. Filter solution.

Bath f7 - Cjomnosition- of na1e4_2 in U. S, patent 1,595,675 (Aug. 1Q, 1926)

In 1 liter of wiater, dissolve:

50 ram sodl~ur -potassium tartrate. IKCL0ILA.-4 112
10 raoso., 1)r hdrzoxiýe, NaOH
50 ,rams lead oxiae, PbO

N~ote: Solution takces plpce best at about 600C., but even then
n1 granG of the KU ai vsol-e s. Filter solutton when

cocled below i400C. Or, standing at room temperature several
hours, the co!u~t ionr contains a heavy white flocculent
precipitate ýt' a lead salt. This precipiAtate dissolves
on rhtigthe solation above 4500OC

Bathi. #7M -In iliteo- of water, d~ssolve:

'0 _r:1so'ci=m potaosaix-n tartrate. NaKCXO '"L F T%

D! -6c 0~ ( ýJ§C fI t -Ifter- n- i g to blow 400
3~ n," I:o2er -v reci,;)',tatintf rs on s t%%nd-

-21--
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LLVA... ,,~klneb.hba~i on' lead. acetate. Such a
'strkinl upeiorlead diieplt was 'easily prod~c~

ma-ath1 , contai -ning I e 'd' trrt that ftirther d~eveli6ent~
__ wrk a'n'e~ntrat~an a~eat-baths was dropped.. h

-- ~~Composiin fo rh firt Wteadtrrate platir'g bat(#),
as taken from, thfpt6tlte tura wa imroved. (bath,#7iM

to n'~id~ stb111y t to temperature and. a more*lustrous
depoit on plated. objects-i

Leddiozide. lating6 on mo 'ne1 and nickel were fouind: to
b ~ imewihat+.-'soaller gri ieand.,superior in LLser tb

Sh,ý oh s:te~el, eand ws prepared6 ytls'paiga
Smonei rod"1th copper, tnwit. -gol 4-to -A' iicknees'; 0r.001

inh fin.fally with,, ead',ioxide us ingý bath '6i in7
A ~ ~ ~ ~~ ~Due to fault- precleanln&-of, ýthegodsufe, heea.

-dioxide coating failed fr~u y et sfet- that the
Use 'of reaieyietpatn su suh.as, coliper, _silve3r or,

Sgold. o*6r Imonel, or nlkkeli,~e h lre'd. diox ide'ltn
wsnotL su1f f Jieintl'vlv in Ithis work: to -rxit-ay

defni-oe oncusins s~t thirvalue.

kf-tor Ahe lead dioxide, anode samplesq had. been prepared
by electrodeposition as described. 1n- ;epeedn or-

graphste were tested'i h small'.sodium-.perclr e"
cl. These trials -ar~e ýsumnnarized in Table XII page' 26.

It was found that a, lead. nalt bath solutionL of forra~ila
#7 and 7M4 (Table IX page' 21) gave the best erosion-resis-tant
lead dioxide plate when Monel or nickel rod. was used. st~
,base material. Steel did. no't -appear to be a satisfactory 7
base material. As a result Lof these preliminar.y tests,
larger lead. dioxide electrodes were prepared for testing
in the 10 ampere cell.

Manvranese Dioxide

Background

The preparation of manganose, dioxide anodes has been
dctscý:ibed in the literat'ire (179, 182, 187) but there is
n(, -Lnira~tion t'mt they have teen suucessfully used for
perchiorate lormation. In fact, xioward. (53) cotates that
ma.nganese doxi~de ib decomposed. ver,, quickly under The
conditions prevailing in the perchlorate cell.

El,'D'rimental Observations.

Mana,.anese dioxide anodes were prepared ink the following
r~nxnn-. Nine A'9) parts by weight of manganece nitrate so-

Lu&I alroxlm-ýtely 80A~) was mixed with 70 ' .arts by weig-htI
of mnr,ý'-neso dioxide to mrvke a alighti. da-p- mixture. This

Z5£
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nMixdurel was then pressel in, a mold tO L6000 psig using ýthe
~Carv'er p~ress. IThe pressed cake was- then carefuflly heated..

toa maim~mtempýeraiture of iboiut 3O0 C.G, thus c~nverting
ngnese.ntata, into irjanganese. -ioxide,. With, the' ilrstu

sample, .good lectrcal . ontact was not obtained wvith: the'
cylindrical manganiese -a:ioxide anode. ,' With tzhe,, second. sMPle,

a ti f ,trrt~u was ý imbeded., in. th %a~x~ ixd
anode- as a, cuinre'nt lead. 'This'anode, sl6wly ýpolar .ized , "with
some ersion 'vnd ,finally fracture of the an d~amlY

*'A sample- of pyrolusite,'Mn0 2 ý H+ý,otanaI

W~f(W I a Navaira.V Science' tstablishhent w~re.as, ano~de- in
th sdimperchl vvan., 'thit 'ial good elecTrical

conitAct+ -t,ýh norlýYY~lule_ýs t obt~i.ined, but n~
'Itemitet pe~atior! 'the ~nn~~ ±r~ he electrolyte

~ indica.ted erosio'n -of the~amanile.4 b,

~ .~~needioxide anodes, thdref o i~e , o ot look
sufficientl.7 promising_ to... warrant- fur~ther-stiilýy as~ anodes,
in the sodiun :perclilorate" cell. -

llmenit'e'-

- an A U. S.. Patenlt',(166), proposes using ilmenite (F'eO*TiO2)
aiasubstitute for platinumi or' graphite.,. Ancther -U. -S.-,

Patent (167) claims- electrodes nae fa m;netIte-ilmen'te
mixture.,

A Preliminary trial' was runi u'iing~ilmenite niner'nl
obtained f rom Ward's Natural: Science Estaglishment. Current
Was passed-through the cell for three hours at 1-2' amperes at
13-16 volt3, T1here seemed to be no serious erosion 'of'-tiie
ilm~enite anode sample and onily a slight, amount;o'f.reddi~sh-
brown precipitate was formed: in the ele'ctrolyte.-

Farther study should be made to ascertain whether per-
chlorate Is formed when ilmenite is used. as the anode material.

(7) Oxide and Sulfide Coatiw~s on Various Base Substances

'Pviýcround

F'edotiev~ (35) reported the producetion of insoluble iron
oxide electrodes by partially oxidizing 1 cm. diameter rods
of Commercial %not 'electrolytic) iro~n.. Beat results were
obtained with air nnd stea:-, at 1.000-11000C., under qhjch co-n-
ditions a smooth continuous surface was obtained. ýHowever,
K~arcyama and Naka found that they could not produce; firmly
adherinjý FeqO3 coatings on iron rods in an atmospliere of
o xygen (66) or by hoating iron plates in contact 4ith !4n02

ox n02SiOmixturca (65).
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fo- d a "byr h at a sot e an1od-j i aeodrii. an.ir-steam m'-Xture at_
e been rily. aa ialeoi t bn allow-

.ater8Oentai Obeermaton (d¢: :ea•&seeITwe

Twor~i anet.lectrices chomumaoid a n ulr d hetiandi e~byrde

these ~asterils wre tented n a odium pedrchlorae-* eI l -;e ;

hey sth n ossvi' 1er dnce-of

hou de r ona ingo and of thed ,u i.te -nle an-electri " i_•dul l eatcfn c
Tppeca st•el whousborai anboden titium oride were tlie

fcoxiande -aeil nte sodu perchlorate cell.

Oxheide -coat ingse on Aou lke ste D uiron fo remoe dr:es

Iike in 10 suufri hci -It 80•. fre I td 4 minuts and leti f urna ce, dried.Th

by imters rig these thndterp iant in molt n 0-ulfur also/er o.&appreciably

This, it apfea rsthat ahe specific oxide ore sulf id w

coatings studied, are valueless-in theichlorate- ercixJorate

(8) lea6l Borides

Backg ound--

No literature reference was found to -sgt st the use of

"a metal boride as an insoluble anode. However, these ma-
terials have been readily available onlo eithin the past few
'years.-

Experimental Observations

Two m~etal borides, chromium boride and titanium boride
were obtained from the Battenlle Menorial Institute. When
these materials were tested'in a sodium perchiorate cell
they showed an excessive -weight loss, visual evidenc-e of
anode erosion and a change ini co or of the1 sodium c#.Lorate

elect:-A~yte.

Thus, chromium boride and titanium bonids were unsatis-'
factory anodne materials in the sodium perchorate cell.

-0; -a--o- -d- --n-a -o-

The 1 a ro ws soke in an aque us alkaline solution to remove grease,
pick-led in 10Q sulfuric acid at 8UPC. for 3 to 4 minutes, and finally dried. The

-'--"' zt~ -rod egas then. dipped. into molten cauotic at 4OOO-5OO0c.. for 1/1 ho-ar.
(Th 1~noa from the caustic. and. after rinsing and. drying, the treated. steel was

NaS~ibtt futizre, work wotild beh to troat the steel with molten caub'ic rt iiigher
-tesperSU.'res. 40c hIa-ta.nc 800--1000-C., and. for "onjer periods, 3ince this was

~b4 es- o~theLxie cat~~s e~~d~ her mih' also be considered the addition
OfV arICUS o -zi ý enit- to the, caQ:.-ti ci to eih-in~ce the formation of a denser
anr4 kvc~ror oxigi. couatines on -th~e ateetJ,

-.30
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" Metal Carbides

B3.ckcýround

I•nou the claspi•eof" metal 1 warbidses, onlyrsilicon " carbide .s
been enS ro: -in. uIrisol-ablev anode RU a Z.;ion- IPatent
~69,00Q-(l63) clinms the osý'ýfslc er Klsilicided
grapaiteh e1ectrldeaiu byvplace of platinum for gthe electfolytic,-
production ,of perchil rates' an. tperslfate. THowever, Miau --

metal carbiedeat re ateno f0 arailable, e and anexperrime-ota rsticiay
was tmadeof those whith tcoat be readily obtained.:

,Experiof~ntal Obserfawons e r ._. • __ i-•:, • -

Treesiifo fere idesaples (of boron Sciridetifwer tested
Mantderi materials; oh. fr (b)(m , lal e 1Me2
One froi tharNoiton pore andtl carwide: sourcenVs, (Bte
-All enmles showeds excstit weight losrsea-, -W1pithisereon

that turned. the elrctrolytt e bUlack.

Twelve different samnpleu of metal carbide ( om-oesTiCons
were secured froS. the Carbolof Department -of the Grneral

13-- a di to #5 Wre.A- qtAnd~qrd .,reAdily
A~vailable production items,~ The remaining, samples were of
-an experime,, LA1 nature; -_Upon testing :the~e mterials, j Only
samnples #11 and. #12 showed -sf:cetySIaler o--IOsE
to warrant further studiy. Sample c1 wa-dslo qed' by t-he
Carboloy peoples10 be chromium carbide with 12i preatinua by
V.0- , ,me as a "binder. biSampl 12 wastantalum carbide also

,with 12plaftinur by volume as a binder. Larger samyles of
these two materiAls wereotid and. teste. Tecrmm
earbide~eroded-at a rate-ofO03 grams per atipereý-hour, which
is too'highi while the tantalum carbide showed an anode
erosion rate of, 0.008 grams per ampere-holir,.

Pare silicon carbide samples (Fisher Scientific Company
and Gexierýl Abrasive Company, Inc.) polarized a .s was th~e case
with G2.obar heating elem.ent sections (SiC) (see Globar Rod.
Material, Section-B. 2.'-(b) (4), page 12).

Similarly, the pare tantal1'n carbide samples (Baltelle
Memorial Institute and U. S. Bureau of Ifftnes) polarized.,

All the various titani-am carbide compositions were
attacked too rapidly to be of use.

A sampl- of tungsten-titanium carbide (85% WC-, 1.5- TiC)
frora the U. S. Bureau of Mines eroded too rapidly, while
eWrmples of tangsten carbide with various percentages of
cobrLt :iader as a binder (Adamas Carbide Corpqration)
polarized, after (1-12 mi.-Ytes of electrolysis.



Zc~nca~bi 'eecf' fro the'U. S. Bu~reaii of
Mines- 6fhowed&-f hihArode,ý rosiofl loss..

Of -allth di'fferent etll carbide!' tested, onily
~ tantlbfll arbide._bothýVt~ 12 latin-um,

i-chromiium a ta bndti (Smpe l#1and-412,-respectively.
b y auue b iuerSrsle

Gablo ep.,showed, sufficief'lt]. small eroslion loss0es. to

4 ~ar~ftfute~~~dy In, the 10 a mpere cell

The -seof'metal nitrides as insoluble an-cles asa no t

Ssuggested by ,the literature# HowJever, it _was, thýi01tight advI a

~ ale4~t~~ hoswhi~h ecme .vaabe n. the- requis_-ition-

Ing of anode: mtr~l.

Experlimenjtal Observations .... .

1.1hetwo~aode materials te dIn this 1 las9 nll

nitridead(ir4if nitride, both obtained fronteBtel

Memorial- Institute,-did-not ind~icate %I ; -e- 1ý , trides

,4would:.be prornising~as.aniode -materials
1 in~the sodium1 ,per-

chlorate cell. -Both tiaimatip n zIr n1=. ~r'

showed an excesaive weight loss with the-G Xorriatiofl of a,

i r:'`ipItPat in the sodium chlorate electr~olyte.,"'

'(11) Miscellan.eou9. Undes -nnated Msa+e rials -

Teesamples are grouped, here since t~i h'ia

composition was not definitely .disclosed by the .manufa~ctulrer.

However, they are chiefly metallic carbides 
with vario-us -

perc-n ta-.1,es5--f- -cobalt - adlded---as -a, binder.

All the undesi-nated samrples, supplied by

the Ri.ynes Stellite Division of Union Carbide 
and Carbon -

Corporation and by the Vascoloy-Ramnet Corporation proved .

to be unsatisfactory as anodes in the subject- process.

3.Extended Eva2"-_.u.tion of Screened Material~-

,e-.) Description oif 10 Amipere Cell nnd Ita Operation with Platinum AKhodlý

In order to become more familiar with the operation of the

perchiorate cell and to provide a basis of comparison.-for the

other anode materials tested, two 10-ampere cells 
of'simple -

design (Figure 1) were mAde and equipped with platinum-plated

t,)ntalurn anodes. The effective area of the anodes was I R L-,

to Pe cuirrent density of 100 ma.f.sq. cm. in one cell and

300 ma./eq. en. In the other coil. Using ftn electrolyte compo-

8, U r) ,' A Z1n cr ./1. Na2Cr7O7*2 H20, these
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cells were operated for a period of aboL.t 4.3 hoaur, at a tempera-
tr o.. 'I j r 1'O. , to give a 14ral electrclyte conposition In "he •

~ "* ~ ~J -.1 U ý.~ L.L. .L V .J_ L' U~.L'~.~ A.J.J J

low anode current density cell of 293 g./l. NaClO and 380 g./1.
NaC1O04, and in the high anode current density cell of 215 -./1.
NaCI0 3 an-d '466 gz/I. NaCi0 4 . The current efficiency in the low
anodee urrent density cell was about 67k; in the high current
density cell, about 80;. This confi rms the reported observation
that high anode current density is necessary for the efficient
production of perchlorates.

This experiment also indicated that platln'4m-plated tantalum
anodes could be used in place of pure platinum anodes in the per-
chlorate cell.

(b) Use of 10 Ampere Cell in Evaluation of Screened Anode Materials

Anode materials which appeared promising in the screaning
tests were re-examined in the laPrger !0 ampere cell for longer
periods of time than were uid'n the scrcrning tests.

Lead dioxid-e plate on mild steel rod, Monel rod and nickel
tubing all failed after a relatively short period of operation
apparently because of the presence of minute discontirnitles or
pinholes in the lead dioxide plate. Where such pinholes appeared,
the base material (steel monen or nickel) woujl he rapid ly
attacked. Figure 2 shows the result of s'och attnck on lead di-
oxide plated on monel rods the third anode has not been used.

Globar hary•h,# sections from the Carborundcum Company
polarized whereas Globar Durhyt #2 (SiC-Si mixture) operated
with the production of pcrchlorates. There was surface dis-c
integration of the Globar Durhy #2 especially at the top level
of the electrolyte. Fig;ure 3 shows Globar Durh$y #2 sections
before and after use ii the sodium perchlorate cell.

In the case of the leaddioxide anodes, the type of failure
described above is not uncommon for electrolytically plated
electrodes, nnd no doubt improvement could be worred out by a
more detailed study. l.-provemonts might be achieved by prepa-
ration of the base metal, by changes in the method of deposition
of the plate, or some treatment of the anpde after plating such
as buffing. Future work should also establish the best con-
"Ition, Of carrying lout-e electrolysis of sodium chlorate
usi'c" 1ead dioxiai %-nodes.

1'urther work with the Dturh, #2 ntaterial would involve trials
witn . more denee type of silicon-silicon carbide, one impregnnted

mith 'e•i-netite, or one p3ated witq lead dioxide. Combinations of
eili-.7n carb-do and c"wrbon ai s.gisted .•n the Russ!an Pnteat

(lC S hbOuld a@rfo bQ rOnoilered.

rL
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Yu~rther tests in. the 10 ampe're cell s.houi13. include- ilmenite

(re.Ti2) Vabco Sam le (chromium carbide + lZA1 rt) and-

(F D Tarbo )o sa -r b'i )lo (S~na 3.um ca bi e + p.~ t) . These materir.-ls

apered promising in the sczreeninlg ,tests, but ~samplesote
aszea nee~yfr s nte1 me eiill co Iuld not be obtained

in the, peri~od allotted ~for the experimental study.,

STerma3 naomoit~inovof Chlorates to Perchiorates

Daiite on. the optimum ~temperature for ~the thermal conversion of so&ý umi

chlrae to perchiorate are meager,. with German Patent'300.733 (157)

rcomndizg44bt~o 49o0.r The larger body of-i 4no ai nl on potassium,

"cbloratfe onitaIins ,numerou'sconf ic t ifg statements on, the optimum con-

T, -6rsiof- tempe-ratlire-and: oil thpe effec~t of additivesý It would- appear.,

~~ )i~owever, _thatAhe m!axziIm= yield of potassium*erhotOioband'ta

.ý~`,-omewht higher-teriperatu~re than'As necessary for the sodium salt. 'It was

____:er'~fore cdhi~ir d~eia 'to. deteirmine experim~entpllly,-.o within-about

~ ~ 10 degrees,' the miinimumii tomperatu2rec at which.st~~ctr~~d of~'sodium

S~and po t~a s iun r~rchlorates could be obtained by the~ heatibgo the correfl-,

46ndne _ chlorates,' and to study the ef'fect of reiitor compositiofl 
on-the

U~~U 'oiz~ f the-reaction using Pyrex. Vycor, and rt .fa(s .Itws o

zý-Conside~red withi~n the scope of these p~reliminr Xerimeflts to determine

the catalytic effect of various addition agcents suggested 
in the literat~ure.

In carrying out the experiments, the chlurate, salt was piaced in a

ý500 ml1. round-bottomied. flask haývring a long-neck.'--A -lass tube, sealed at

the lower end ,ari extending~down the-neck of the flask to about I1/2 inches

above the -surface-of- thie chlorate salt, srve asatemocouple jacket.

The bulb f. the fIlask was, placed in- a pot furnace withi an insulating

cover set aroand. the neck of the flask. rThe glases given off durln.ý- th.e

reaction were led by Tygon tubing into the top Of a 3 llter _bottle filled
with water. The water displaced from the bottle was forced out a bottom

opening into a 1. liter burette connected to the bottle by tuibing. The

collected gases were maintained at atmospheric prescure by 
equalizing

the liquid level in the burette with that in the bottle. Temperatures

were measured by an iron-constantan thermocouple.

The normal procedure, in a typical ranx, was to place a chlorate sample

in the flask~which was then set into the cold furnfice. Th& _teMiperature of

the pot furnace was rapidli, raised to the'desired level, control being

nnaintained throug-h an Putotransforner. At the end. of the heating,, period,

thr, flask was removed from the furnace and -Allowed to cool to room 
tempera-

ture. The volume of oxyg-en evolved was then measured before the flask

was opened and the solidified product removed for analysis. A summary

of the results of these experiments is given in TableXIL, pae 47..

Heating potassium chlorate in a quartz flask at 4820C. fori three

i ours _,av~e a product which analyzed 73-1A 'C104. A higher temperature

resulted. In decreasin,- the perchlorate wadi increasing the chloride yield.

Sodium chlorate iinder the same condition~z gave a lower perchiorate and.

hitýher ci,.'lcridfe yield indicating that thoe tzmperaturfe rny have beer. a

little tc-, hi-h. However, heatiyx.,, at 4560 fo- 20 minutes rtu"K1.ted in
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zero conversion to perchlilo.-ate. Therefore, it apjears necessar;' to heat
( ' godii.m -perchiora-te;' In the temperature., ,rinwe 40.8C.fo~r one to three

hbur's to ,o'btain atiafa~ctory yielso ecort to-ether' with nini~mu
deco~mpos tion,,to ýchl6ride. Th nlssfrthsdi'sl~gven in
Table give, lesi than' 100 'Lercent analyze ingrdients''ue to,,the
presence of water adsorbed by tAhe very hygosopc sodium chlori~te and
perchorate.

It should be noted that the temnperatures -%h>eating periods given

above may need. adjustment according to the size~of the chlo-,-te zchavrg'e.

Sodium- cbldracto bea~ed'ln Pyrex and'V.ycor laske gave poor ylelde
-if perchiorate compared to that -`-~cdwhen it was heated in A c2.artz
flask under approximately the same conditions.

:eacent cost calculations showed a o~2 nraturingcs e on
of potassium, perchiorate by the L,-thermal decorpo .tion method to be. 17.1.:
"centi perL'poiind as compared to-13.8 cet e cidbytelcroti
method. Details of the Cost estimatLes on the e '~rolytic 'and thermal.

mehdare given in Appendixes A and ',respect a y, of this report. on
pages L68 and 72. Consiaering the high'initial PAt inun investment and
the operating 108s of platinum in the blectrolytfý'process, it becomca
apparent' that the thermal process is somewhat inefficient .

D.. Chemical OxidaRtion of Chiorntes

13&ckground

Oxidizing agents that will convert chlorates to perchlorntes are not
well established in the literature. Lead dioxide has been reported to, "De
a very effective c.xidizing agent for makingý perchlorates (31, 1131).
Sodium persulfate was found by Bennett and Mack (9) to oxidize sodium
chlorate in acid. solution. Very srmrall yields of perciilorate have been
reported uzing ozone (9). Also, some oxidation of chlorate to perchiorate
in acid solution was claimed using hydrogen peroxide (9). According to
the literature reports, oxygen, potassium -:;ermauiganate, sodium peroxide
and chlorine will1 not ox~rifize chi-nrate in aqueousq Rslution (12,6, 9, 13_,a).

~erimental Obhservations

A series of experimente. was rarn to determine the time necessary to
oxititie sodium chlorate to sodium perchlorate using lead dioxide and 50
weipht-/O oulfuric acid at-cording to the following equation:

Na~l3  +PbO + 2S0>- . NaClO4, + PbS0 4, + Z0

In these experiments a Dqý excess of lead. dioxide (packag;,ed product used)
wao mixed w;.ith sodi-, c"" IL~orate in r-n flemyrfak A slight~ excess of
`,0 wei~ht-,' nulfuiric acidl was added to the tr--, mixturo'. The flasks were



then heated oiia steam b- th (85-995°C.) for varying periods of time.

Af-ter heating, the sclturries were filter•ed, washing the residue well with

-distilied water, and the -ombined- filtrate and-washtngs were analyzed for
sodium chlorate content. The conversion to sodium _.'erchlorate was then

clci.ilated, ao exploraetory exp'erimentsBhad shown that only sodium chlorale

and sodiun, perchlorate were present in-the filtrate.

The results are plotted in Fig-are 4f and it may be seen that about a

70% yield of sodium perchlorate may be obtained after 4-5 hours heating

on the steam bath. Provision to insure more thorough mixing of th.

ingredients would probably improve the yield.•

On the laboratory scale used in these tests, the reaction proceeded

smoothly at 100CC. when 50,weight-$ acid was used but became ex~plosive

Wt-4~ ý"Ifuaric acid was uzeia.

Based on this process for the production of potassium parch'borat, a

preliminary cost estimate gAves a manufacturing -cost of'16.4 cents' per

pound. This figuare does not include the cost of recovery~of lead-•dioxide

which may be a difficult process and which will increase the prodwct cost

several centa a pound. This total cost of 20 cents per pound. or over is

appreciably higher than the 13.8 cents per pound by the electrolytic

method (see Appendix A, pages 68--7l). Details of the cost est Ite on

the lead dioxide method are given in Appendix C, pages 75-78.

Preliminary tests were ran to evaluate the oxidizing power of:ozone
0; on sodium chlorate. In the first experiment, a solution of 600 •./J. of

sodium chlorate was mixed with an equal volume of 50 weight-,% sulfuric
acid. While still warn (300C.), 250 ml. of this solution was placed in
a gas washing bottle and ozone (03) from a Welsbach ozone generF-tor was
passed through the acidic sodium chlorate solution. All the gass passing
through the acid chlorate solution was then passed throWugh a 21 KI so-
lution, which quantitatively absorbed all unreacted ozone. Tests-on the

XI solution indicated that all but about 10% of the ozone passed through

the chlorate solution unchan-ed. Since ','he 10Z ozone loss represents
S normal decomposition, it may be concluded that, in this experiment,
ozone was a very inefficient oxidizing a-ent in cangLng chlorate` to
perchlorate. Chemical analysis of the chlorate solution alesc failed
to show a.ny -ere}h' 1 rate that would not have been formed by the strong
acid.

In the second experiment, a similar test was made using _R 600 g./l.
sodium chlorate solution adjusted to a pH of 11 with sodium hydroxide.
All hat about N'o tho ozone passed throuý;h the chlorate solation un-

,,hfnaed, rep:-esentin; normal decomrposition of the ozone. Here also, it
tha; ozone is a very, :nefficient af,,?nt _J, mn'kinu.; pcrchlorate.

, h. rk trli, inar , further work should be none e
u.: i p .x:e " eults, and t4o tr7' other eth )ds of using ozone.

q9 -
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> t Decomposition of Chlorates b$ Strong Acids

The- rh deconposition of chlorateeby strong acids has been known for many
vears. The reaction (M metal, ',a acid radical)

-2 IM + 3 MClO3 -10 MCI04 + 2`102 +-MR + 2

is the basis for a patentedtprocess (200) for making perchlorates and
chlorites of different metals. This process is of doubtful value be-
cause of. the c€mplex mixtures that must be separated,, oecause of zidL. -

re&ctions in which chlorine and chlorides are formed, and because of-

the large yildof chlorite necessarily associated with the pro.ucticn
of perchlort-.

An adaptation of this process, which doe• -•ot recover chlorite but.

returns all of the reduced chlorate to the chlorate cell to be reconverted

may bs practical.

"The chlorine and chlorine dioxide can be separpted from the reaction

_nixturesafely •and. fficiently by blowing air through the mixture while

the reaction is taking place. This clilute gas mixture, when absorbed in

a caustic solution to form a solution of NaCl, NaCl0, NaClO2 and NaCl0 3 ,
can be' added to a solution of sodium chloride to be used-as the electrolyte
of a chlorate cell. Such a cell would require less power to produce

.chlorate than one using sodium chloride only as the electrolyte (see
Figure 5).

In a laboratory: test, 15 gMs. of sodium chlorate was mixed with
excess sulfuric acid (50% by weight) and heated on a steam bath. After

several hours the solution became colorless and was found to contain
(.8 gms. of sodium perchlorate with no ch.eride or chlorate. This was
ecaivalent to 45% conversion of soaium chlorate to sodium perc.hlorate.
Other laboratory tests showed that the chlorine and. chlorine dioxide
c',uld be blown out of the solution by a vigorous stream of nitrogen.

F. Analytical Procedure for Perchlorat, Chlorate, and Chloride Mixtures

The lack of a proven nethod for the accurate determination of per-
cUorate ion, :)articLtlarly in the presence of chloriaes ana chlcrates,
r-Ade the evaluation of tho pDrocesses studled in this project difficulty

rproce~dret for thl." determination was adapted from various li.eratin-re
-r'_c [dk was proven to be rapia and accurate method in determining
p~rckAcratos, chlorates. end chlori.des in the pres.ence of each otherr

T'e followip t-'~e tta'•, s' - e_ tlhis • ri o ."rc i:; .r c-
m-ri:nn:- ti.se ions in known sanl les. (Table _U, page 5'1)

7, Procedu•ra

st, . s er.,Itra et su lut ion 0.

;= ~~~ ~. N"- %i
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-TA3LE' fl

P ROOF 01P THE'ANALYTICAL-PROCEDURE FOR THE DETMRi4TATIOI

-!O? ERCHLORATES. CELORATZ-S, AND CHILORIDES-

Concentration of Concentration of, Concentration-of
Concentration of NaýClO
NAMlO made .up found by iolu- mae2k for. by 461-a

Sample gravime~trically metric Analy'sis gravinetrically metric Anailysis
o. grama p6er,-l1iter -grams per ltr grams'per liter grams per lier

600.6~o~ 602.8 0 -

400.0d 402.14. 229.2 2722.0

-jiI 200.0 203.6 458.8 Lý49.6

IV 100.0. 105.6 a.

588.



4 . . erric a.u.m ind.icator so]ution .saturated solution)
irVýs t al ine ferzouxs sulfate, c.P.

-itan'oussulfate solution, 4
Sul~furicý acid, dAilite (1:1)

ý b. Preparatsion of the Sample

The samples are submitted as soluations produced. by the
electrolytic or the chemical process. As such, a reliable

~estimate of the chlorate and/or perchlorsite content.'s'.possible
for preparing the sample solution.

-Measure out accurately a. convenient volume of thebsapl
Scontaeining.not more than ý5ograms of sodium chlorate and/or

odium + perchorate. Record- the exact volume of samp.le taken S.

Transfer the sample qzantitatively toa 500 ml. vol~uietric
flask, dilate 'to the mark with water and mix thoroughly.

,J7, r 7ý,c7 'Determzination of 'Chloride Content

Pipette 25 ml. of the filuted. sample ioli'n int~o. a 500-M".m.
i.!oine flask. Add 150 Ml. of water and 5 ml. of6 6N•ro3

Precipitate the chloride present by: the slow addition of~~~a .... +++++++.......- O N +silver nitrate solution uimtil, a +slight =excess+ of-the + +">+++

-reagent is obtained. Record volume of AgN1 3 solution added A.

Ada si2e nirtesl ain u kti a n sl 2h exces of ntroenzne
Add 2 ml. of ferric alum indicator and 2 ml. of ziitrbenzene.

. Stopper flask and shake thoroughly for 1/2 minute.

Titrate excess AgNO3 with the 0.1 N KONS to a reddish-brown
endpoint. Record volume of KCNS used B. -

Calculation of chloride content. Neither the chlorate nor
the perchlorate interfer with., the direct determination'of chloride
by the Volhard procedure, the calculations are direct, thus

C milliequivalents of chloride per 25 ml. of diluted sample =

(A.A"AgN 03 - B x NKcNS)

Expressed in terms of sodium chloride in the original sample,

x 1169 = grams NaCi per liter

S

di. Determination of the Chlorate Content

"Measure approximately 150 ml. of water, 5 ml. of dilute H2 S0 4
.(1:1) and 10 grams of ferrous sulfate (o.p.) into a 500 ml.
io~dinle flask.



ipe4 I4 mi. of the diluted G ple solution into
P_ fls~ riace on stennm baltii and heat for l1 hour..

~ ~C ---flask-Thortents r~nd pecipitate_the chloride 'by7 now
additionof 0.1 Ns silver nitrate until a slight excess is obtained.=:-

Reci'd ----boA~; ..~ton added Dl. Ad~d 2 m 1.' f a Itr1, 0
* benzene P-nd shake tho oug•yh for 1/2 minute.

-..itrate the excess silverýni~trate with 0.1 N KON- to red.i-h- .
Sbrown endpoint. Reco dI volu~mc- of KONS -used r- E.

-Run- blank determination on-reagen-t it_ sLmultaneously. Record _

.o lues of :0 3 (S-F), and KCNS (= G) used,- -

-~Calculat ions

The above procedure measures the chloride ion Produced b
-the.reduction-of -the :chlorate as'-well ,as t.....e chloride ori-i al•y

: present. Hence, in !calcaltinýý the eqaivalent=of chioride due
Sto thlorate a correction for the amount present originally as

chloride, (A)is made.- In addition, a blank deterriination. (for
the chlo.,d-ie content ;of the-reagents) is recommended. H'ence
f.o r t-he 25> ml. of diluted. sample taken; there results:

Miliieq~uivalent of total chloride ".un (P Vx N

Milliequ~ivalents of chloride in rea-ents =(F'- X N )
(G xNjcNS_) =J k&N03

iMilliequ~ivalerits of chloride ori-inally present =A

Milliequivalents of chlorate found =(H.- (J + A.) K

.Expressed In terms of sodium2 chlorate in the orig-inal sample.,

x 2129 =graris NaClO3 per liter

e. Determination of perchlora te content

Measure 25 ml. of water, 2 ml. of dilute H2304~ (1:1), and
2- _,rams of ferrous sailfate (c.). ) irdQ a 500 ml. iodine fla~sk.

Pipette 2j ml. of Itne diluted. saauyl-e soluation into the
iodine flask. Insert into opening of flask a short stem fu~nnel
to reduco vapor lose xn place on stepam bath for 1 houir.

Re~move from bath and. add. irmed iatel- 1y 20 mi. of the zoA
titanouas sulfate solixtion ~nn 25 ml of dilutesufui acid.
k1:1). Leave digest on hot plate without boiling for 1 1/2 'lours.



Cool, and add an exce~s- of ferric, alum- solution to oxidize
"- xc'ezs'titanous sulfate.. Precipitate-the chlorides:by- si64
addition of C.1'N silver nitrate until a slight excess is
obtrtined.: Record volunme of Ag~NO added. M. Add. 2- mL. of nitro--
Sben zene andshake -,thorou~h1y for, Vl2 m~nuter.,

Titrate the excess AgN03 with 0.1 N KCNS to a reddish-brown

zei~pont.Record Volume of ICNS used: E N.

P= K,-, a blank determination on reagents used and. record

vol,"!e `f A -YO3 (E P) and KCNS (ER) used.

Calculations

The titanoiis sulfate-- ethod~ mn1~awrea-the ~total amourat of
chloride ion -rsnie btoiinally present; that produced
by reduction of the chlorate, an-d. that p•-• uced. by reduction of
the perchlorate.

-- -'. -• _.

.Hence in calculation of the perchlorate content, the titera
due to chloride and chlorate must be subtracted. 'in addition a
blank determination is recommende. to corr.,t fur chloride con-
tehnt of the reagents.

Hence, for the.25 nl. !lnq-,ot -if the 3lu-terX S-1Žle

Milliequivalents of total chloride found = T (k1 x :NO-A
(N X -

"Milliequivalents of chloride in reagent = U = (Px NgN) -

(H NKCmS

Milliequivalent of chloride due to chlorate = K.

Millioquivalent of chloride due to original chloride = A.

Milliequivalent of perchlorate found = (T- (U + K + A)) =,W

ExpreseeC. in terms of sodium perchlorate in the original sample
sollition,

x 2449 gcrams of NaClOj per liter

REPRODUCED FROM
BEST AVAILABLE COPY
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AmPMIX A
COST ETIMATE ON: POTSSIUM -O BY T ELECTR-OL.YTIC -- TH

SUMMARY SB=K

PRODUCT COW'.

A. E 4TM&T 1UAO~E~aG COST-OF SODIUM PZRCHLOBATE VIA R,ýOTIROLYSISý

Direct Cost _

Including raw materials, labor, malnten&ace, >uilities, etc. lI.2411lu.

Including plant overhead (superintendant, shift supervisorlt
-%_ chedimte, office. workers. plant giirds," e-tc.) -and_ - iI/-, _..:-

S- l -administrative expense* I!' 4j-

Not including depreciation, taxes, an. insurance on Pennsalt
op-eyating fee, 26/b

B, ESTIM&TED MANUFACTURING COST OF POTASSIUM PERCHLORATE VIA SODIUM PERCHLORATE

Direct Cost

Including raw materials, )'abor, maintenance, util'ities, etc. 13.80/lb.

Indirect Cost

The plant overhead applied to the sodium perchlorate plant
also covers this plant. iOO.oj/lb.

Total Cost

Hrot including adminietrative overheal and fee of the operator
or depreciation, taxes and insurance. 13.81/lb.

Proces

So iium chlorate liquor Il fed batchvise to electrolytic cellser-ploying
conper anodes plated wit± platirnm, The product of electrolysis, sodium per_
•biz'ato, is convertVý to the potassium oalt by the addition of a hot, concen-
S... 1 ooi•tloi of 10ta2ilum.. cb_-oride. The product is then cooled, crystallized,

fi.tAia emrc_ d'ried,
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'Inv e 9tmeDt cost.adfrt~ oas~

- ~~~Oný the Same 'basis as stated Amn Aneix B 
4 ' netan ~~~et

_ &ý;Prchidrae j~alit

'4-'4Prodauctive' Capaci.11

ih otasiur- per-h-lorate plant b1e4 on U_`~d~ino OCjTY

The sodium. perchiorate or nuti~ 1 -960 TPY.ý :Thi s pro duct ion -i s equal

toth rw~atri1 eqrement s of the potassium perchlo ~plani..

This estimnate i's b elieyed tob e accurate within Z 2C~.
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COST ESIMATE ~ APPENDfIX B

COSTESTMAT ONPOTASSIUM PERCIHLORALTE 13Y TIM ýTHRMA ME-PRD

SUMM&~Y, SH=

- . . . . .. . . . . .

2ESTIMATED MANUFACTURING COST OF POTASSIUM PERCHLORATE VIA THE TKERKAL ITHOD

'Direct Coat.
• , • ,. -- . ..- . . ... . o ' .. . . .. . . . . .. . -

Incluiing raid masterial, labor, maintenance, utilities, etc 16'.7O/lb.

--.- ,..ndirect Cost

Including plant superintendant, shift supervisors, -chemists,-
. 'office workers, pldait g6ards, etc* " 0,/.b.o

Total Cost . ' .~

Not including administrative overhead and'fee of the operator or

depreciation, taxes and insurance. 17.1$/lb.

PROCESS

Potassium chlor-.te is heated to 9000 F. for one hour in a silica-brick lined
rotary kiln. iiia mrlten kiln product is quenched and dissolved in water,. The?.
product is then crystallized, filtered and dried.

INVESTMENT COST

It is cstim.-ted that a plant to produce 10,000 TPY of potassium per-
chlorate at Calvert Cit',. K•-., will cost $755,500. Included in the cost is
$40,000 for a building. No warehousing or expansion space has been provided
for in the estimate.

PRODUCTIVE CkPACITY

The potass-rum perchloratee plant is baaeed on a production of 10,000 TPY.

PROBA .7 AC0CULACY OF ESTIMATE

This eatiate is believed to be accurate within ± 20%.

REPRODUCED FROM
BEST AVAILABLE COPY



EQUIP14EN7. LIST

Item - Size " - Constructimn

Storage-Tank I.½;t a Steel
ConvýRyors one steel three M s304
Kiln. 4D-x 14' Steel Mined A.h

silica brick
PumpsFo-arSS304.

-L_"Coolin:-Tanks -wit -- 2500 gal. b0
Agitatdrs, (thre)e Clad

S- vaporat'or 1_ s- .q. ..
- . Clad

Heat 7xhzgr 145 sq. It. SS304
30 sq. f t• sn3os4:

Packaged Units

Swenson Walker Cr:;stallizers 9 - 40' L's SS304
"Clad.

1 40' L SS304
1 - 30' L CInd

Bird Continuous Filters 2000 gal./hr. SS304
500 goJ..fhr.S30

Roto Louvre Dryer 3'10" D x 16' L. ýSS304

REPRODUCED FROM
P-T AVAILA3LE COPY
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APPEMI C,

COST ESTIMATE ON. POTASSM. P.RC... RATZ BY T!E LEAD DIOXIDE .FTIOM

INTRODUCTIONT

S.This estimate has been prepared for '+e. urpose of -',-r n 0. ... n

-,between this process etnd the thermal or e'ýectrolytic process Lor manufacture of

- ',potassium perchlorate. .

"SUMMARY SHEET :

PRODUCT COST"

Estimated .anufactiurIn- Coat of Potas.sium

Perchlorate viide• Method.

~DI'e t',Co at

i3iading raw materials, labor, malntenance, utilities, etc, " 16 Oý/lb.

;,Indirect Costm.

S. Including plant superintend.ant, shift supervisors, chemists, office,

.wo rkers, plant u-rds, etc.

The recove..y of lead do:.de will increase w,, product cost several

cents a pound.

Total Cost

Not includJlg administrative overhead and fee of the operator or

denreciation, taxes and insurance i6.L•/ib.

PROCESS

Powdered lead dioxide is added to a water solution of potasiuri chlora-te
and salfuric a These Ingredients are reacted for fou hours at 10000.:to
produce potassium perchlorate and leed dioxide. The products of this reacti n -

are filtered. The filtrate is recycled and the cake digested in waterfor one

hour at !000 C. The lead sulfate is removed by filtration, converted to lead.
dioxide by electrolysis and reused**. The potassium perch"orate is cryst+al
lized and dried.

INVESTMENT COST

The investment uost less purchase cost and recovery equipment for lead

dioxide in $1.274,500 for a plant to produce 10,000 TPY of potassium per-

chlorate at Calvert City, Ky.

*The recov-ry of lead dioxide will increase the product cost several cents
a>,.•nd.

Ti poceis Xr electrAlisis of lead salfate requires development.

- ------------------------- ---- ---------------------------------- --



( ~ R0DUCT COST

It is estimnted that. the bulk nanuf-!ýctdring cost of potassi.um perchlorate
less depreciation, taxes, .nsurance, adninistrative charges and Pennsalt operat-
inr- fee would be 16.q/'b. at Calvert City, Ky., at a prodbuction rate of
10,000 TPY.

* PRODUOTIVE -CAPACITY

This plant is rated at a production of 10,000 TPY operating at a 90.5 '
plant .efficiency.

PROBABLE ACCUPJACY-OF ESTIMATE

This estimate is belle4d- accurate wit"in ±2%.

- ---------------------------------------- ---- - - -- - - - - - - ---------

*The recovt r., of lead dioxide will increase the cost Several cents a pound.
---------------------- d
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EqUIPP4ENT LIST
~A en'+ ,+

A. - De-ivered

Visualized
Mal,. :ials of

Item Size Cc ' ruc ion

Storsge Tanks:

Potassium Chlorate !G,000 ;gal. j Steel
"Sulfuric Acid. 10,00 gal Steei
Lead Dioxide 10,000 gal. Steel
Recycle ....- 5,000 gal. Acid brick lining
Water Holdup 10,000 gal. Steel
Holdup tank 5,000 gal. ! Acid brick lining

Evaporators 4,650 sq. ft. Duriron
225 sq. ft. Duriron

(Coils and Agitated)

Potassium-Perchlorate (3) 2.500 gal. Acid Resistant
Dilution Tanks (2) 7,000 gal. brick lining

Pumps:

Ten )uwriron
One S teel

Conveyors:

Four Steel
Two S.S. 316

B. Packaeed Units

Bird Continuous Filters 1500 GPH Duriron
6000 GPH - IXiriron

300 GPH Dariron

Three 40 ' long Dutr4.ron

R-rir]eration 14 Tons
jO°F.

!,_,tn LcAvre Dryer:

x 16'L Du'riron

77 ZREPRODUCED FROM
BEST AVAILABLE COPY
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